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1^ (57) Abstract: Methods and apparatuses to manage working states of a data processing system. At least one embodiment of the 
O present invention includes a data processing system with one or more sensors (e.g., physical sensors such as tachometer and thermis- 
O tors, and logical sensors such as CPU load) for fine grain control of one or more components (e.g., processor, fan, hard drive, optical 
^ drive) of the system for working conditions that balance various goals (e.g., user preferences, performance, poww consumption, 

thermal constraints, acoustic noise). In one example, the clock frequency and core voltage for a processor aie actively managed to 
^ balance performance and power consumption (heat generation) without a significant latency. In one example, the speed of a cooling 

fan is actively managed to balance cooling effort and noise (and/or power consumption). 
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METHODS AND APPARATUSES FOR OPERATING A DATA 
PROCESSING SYSTEM 

[0001] Hiis applicaiiaa is related to and claims the benefit of the jSling date 
of U.S. provisional application serial no. 60/495,447, filed August 15, 2003, and 
entitled ''Methods and Apparatuses for Operating a Data Processing System" by 
the inventors Michael Culbert, Keith Cox, Brian Howard, Josh De Cesare, Rich 
Williams, Dave Falkenburg, Daisie Huang, and Dave Radcliffe. 

FIELD OF THE TECHNOLOGY 

[0002] The field of technology relates generally to data processing systems, 
and more particularly but not exclusively to the management of power usage and 
temperature in the data processing systems. 

BACKGROUND 

[0003] A data processiag system (e.g., a desktop computer or a l^top 
computer) typically contains a number of conq>onents that consume power fiom a 
power suRily (e.g., battery or AC adapter) to perform different tasks. For 
example, amicrc^rocessor consumes power to perform computation, generating 
heat in the process; and, a cooling &n consumes power to dissipate heat 
[0004] Typically, a data processing sj^tem is designed for operating in a 
given environment to deliver higli computation performance. One or more fans 
and heat sinks are typically used to cool the system so that the data processing 
system is not overheated in a condition of normal use. 
[0005] To be energy efficient, some computers have power management 
systems which, may tenq)orarily put a hard drive or a display screen in a low 
power mode after idling for a period of time. When a component is in a low 
power mode, the component is not fimctioning at least in part (e.g., the display 
screen is not displaying images, a hard drive cannot be accessed for read or write 
operations, and a section of a chip is not energized with power to perform 
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computation). In some systems, a cooling &n is triggered by a temperature s(^or 
such that the cooling fen is turned on when the sensor detects that flie ten^erature 
is above a thresholds 

[0006] To protect firam overheatmgj some microprocessors have built-in 
hardware to slow a processor when the processor is too hot However, built-in 
hardware iu a processor that slows down the processor when the processor is too 
hot is restricted to only changing processor performance to regulate the 
temperature. Intrinsically, it is not able to regulate other devices in the system or 
optimize thermal management of the entire system. Similarly, some computers 
(e.g., iBook laptops from Apple Computer, Jnc.) automatically enter into a shut 
down when it is too hot (e.g., because a fan failed). Automatic shutdown of a 
notebook computer is an emergency solution for unusual situations, such as when 
the coolittg fan is failing. It does not regulate the temperature during the normal 
use of the computer. 

[0007] Thus, a computing platform (including a processor) is commonly 
designed for iacreased performance, which typically requires increased power 
consumption. However, computing platforms, especially in mobile applications, 
are also designed to reduce power consumption such that a limited power 
resource (e.g., a battery) can support the computing platform for an increased 
period of usage time. These design goals are typically in conflict 
[0008] One conventional solution to the conflicting design goals is to provide 
a means for a user to switch the configuration of the computmg platform between 
a high performance mode and a power conservation mode, as desired. For 
example, a computing platfixrm may allow a user to select the desired mode via a 
hardware switch or via a menu and dialog box displayed by tiie computing 
platform. For example, some computers aUow a user to manually select a clock 
frequraicy for the microprocessbr. 



SUMMARY OF THE DESCRIPTION 

[0009] Methods and ^aratuses to manage working states of a data 
-2- 
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processing system are described here. Some of the embodiments of the present 
invention are simunarized in this section. 

[0010] At least one embodiment of the present iavention includes a data 
I)rocessing sj^em with one or more sensors (e.g., physical sensors such as 
I tachometer and thermistors, and logical sensors such as CPU load) for fine grain 
control of one or more components (e.g., processor, fan, hard drive, optical drive) 
of the system for working conditions that balance various goals (e.g., user 
preferences, performance, power consumption, thermal constraints, acoustic 
noise). In one example, the clock frequency and the core voltage for a processor 
are actively managed to balance performance and power consumption (heat 
generation) without a significant latency. In one example, the speed of a cooling 
fan is actively managed to balance cooling effort and noise (and/or power 
consumption). 

[0011] Thermal managers according to embodiments of the present invention 
monitor the system temperature based on a number of sensors and conditions 
(e.g., sensed temperatures, lid position, battery charging status, current 
computation tasks and user preferences) to provide the best of mixture of cooling 
(e.g., by controlling one or more cooling fans) and reduced heat generation (e.g., 
by adjusting the working states of the heat generating devices, such as C3*U, 
GPU, hard drives, optical drives, manory chips, core logic chips and others) to 
provide the best performance for the cotreaat task. 

[0012] la one aspect of the present invention, a method to operate a data 
processing system includes: detemiining a control level for a first component of 
flie data processing system based on information obtamed &om. a plurality of 
sensors (e.g., a temperature sensor detemiining a temperature in the da^ 
processing system, such as a particular component's local temperature whidi is 
one of many components m the system); and, automatically adjusting the control 
of the first component accordmg to the control level to move the first component 
fix>m a first working state to a second working state. In one example, the first 
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componeilt isGludes a cooling &n of fhe data processing system; and, the cooling 
fan rims at a first speed in the fa:st woiking state and a second speed in the second 
working state; and, in one exsmple, a duty cycle of the cooling &n is adjusted to 
run the cooling fan fiom the first speed to the second speed. In one example, the 
first componait includes'a processor; the first woridng state includes a first clock 
fiequencry and a first core voltage for the processor; and, the second working state 
includes a second clock firequency (which may be lower or higher than the first 
clock fi-equency) and a second core voltage (which may be lower or higher than 
the first core voltage) for the processor. In one example, the first component 
includes a Graphics Processing Unit (GPU); the first working state includes a first 
swap interval; and, the second working state includes a second swap interval. In 
one example, the control of a second component is further adjusted automatically 
based on the information obtained Jfrom the plurality of sensors to move the 
second component firom a third woridng state to a fomth working state. In one 
example, the first component is a heat soTurce of the data processing system and 
the second component is a cooling source of the data processing system, hi one 
example, the control level is determined further based on one or more user 
preferences. In one example, one of tiie sensors includes a software module (e.g., 
an operating system's krand) detemuning a processor load of the data processmg 
system. 

[0013] In one aspect of fhe present invention, a method to operate a data 
processing system includes: detennining a subset of control settings from a 
plurality of control settings of a plurality of components of the data processing 
system based on information obtained fixnn a plurality of sensors (e.g., a 
temperature sensor, a tachometer, a sofiware module determining a load of a 
processor), each of which detomines an aspect of a woridng condition of the data 
processing system; and adjusting fhe subset of control settings to change working 
states of corresponding coniponents of the data processing system to balance 
requirements in performance and in at least one of: thennal constraint and power 
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consun^tioQ. Iq one example, the plurality of components include hKit sources 
(e.g., a Central Processing Unit (CPU), a Gr^hics Processing Unit (GPU), a haid 
drive, an optical drive, an Integra Circuit (IC) bridge chip) of the data 
processing sj^em and cooling sources of the data processing system. In one 
exan^le, an amount of cooling change is determined based on the information 
obtained from the plurality of sensors; and, the subset of control settings are 
adjusted to effect the amount of cooling change. In one example, the amount of 
cooling change is determined according to a fuzzy logic; and, determining the 
subset of control settings includes detemaining a prioritized Ust of the plurality of 
control settings. In one example, the prioritized list is determined at least partially 
based on one or more user preferences. In one example, the amount of cooUng 
change is parceled out to the subset of control settings. In one example, a first 
state of the data processing system is determined firom the information obtained 
from the plurality of sensors; and, the subset of control settings is determined 
from a decision to move the data proc^sing system fiiran the first state to a 
second state. 

[0014] In one aspect of the present invention, a method to operate a cooling 
fan of a data processing system includes: adjusting the cooling fan from running 
at a fibrst speed to ru nnin g at a second speed in response to a temperature soisor 
measurement and a user preference. In one escample, it is fiirther verified that the 
cooling fan is running at the second speed (e.g., using tachometer information 
obtained from a fan controller for the cooling fen). In one example, a duty cycle 
of the cooling fen is at^usted to run the cooling fen from ttw first speed to the 
second speed. In one exanq)le, one or more tanperature measur^ents are 
determined; and the second speed for the cooling fan is determined based at least 
partially on the one or more tempaature measurements. In one example, the one 
or more temperature measurements are obtained from one or more temperature 
sensors instrumraited in flie data processing system; and, the one or more 
tenq)erature measurements indicate trai^eratures of at least one of: a) a 
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miaroprocessor of the data processing system; b) a graphics chip of the data 
processing system; and c) a memory chip of the data processing system. In one 
example the microprocessor of the data processing system determines the second 
speed. Jn one example, the second speed is detennined further based on at least 
one of: a user preference stored in a machine readable medimn of Hie data 
processing system; and, a compiitation load level on the (kta processing system 
(e.g., the load level is low because tiie processor is idling and the temperature 
level is low and a user preference has been set by a user such that in this state the 
fan's speed is reduced to reduce noise and power consumption). 
[00151 In one aspect of the present invention, a method to operate a processor 
of a data processing system includes: shifting a power supply of the processor 
from a first voltage to a second voltage without resetting the processor. In one 
example, a frequency of a clock of the data processing system is slewed (changed 
slowly) to transit a clock of the processor from a first frequency to a second 
frequency (e.g., by instructing a clock chip to use a new frequency multiplier). In 
one example, the processor continues to execute instructions while the frequency 
of the clock is slewed and while the power supply is shifted from the first voltage 
to the second voltage. In one example, the power supply is maintained at one of 
the first and second voltages while tiie frequency of the clock is slewed; and, the 
clock of the processor is maiatained at one of the first and second frequencies 
"while the power supply is shifted from the first voltage to the second voltage. In 
one example, the first ixeqamcy is higher than the second fi?equency; the first 
voltage is higher than the second voltage; and, the power supply is shifted from 
the first voltage to the second voltage after the cbck of the processor transits 
&om the first fiiequency to the second frequency. la another example, the first 
frequency is lower than the second frequency; the first voltage is lower than the 
second voltage; and, the power siqiply is shifted from tJie first voltage to flie 
second voltage before the clock of the processor transits &om the first firequency 
to the second firequency. In one exanqjle, a frequency multiplier of the processor 
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is adjusted to switch a clodc of the processor fiom a jBrst fiequency to a second 
firequency. Ja one example, the processor is not reset during switching fiom the 
first fiequency to the second fi?equency. 

[0016] The present invention includes s^jparatuses which perform these 
mefliods, including data processing systans which perform these methods, and 
computer readable media which when executed on data processing systems cause 
the systems to perform these methods. 

100171 Other features ofthe present invention will be parent fiom the 
acconq)anying drawmgs and fixmi the detailed descriptian which follows. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0018] The present invention is illustrated by way of example and not 
Ihnitation in the figures of the accompanying drawmgs in which like references 
indicate similar elements. 

[0019] Fj^nre 1 shows a blodc diagram example of a data processing system 
which may be used with the i^ent invention. 
[0020] Ftgnre 2 shows a data processing system according to one 
embodiment of the present invention. 

[0021] Figure 3 is a simplified block diagram illustrating heat sources and 
cooling soiuces of an exemplary data processing system having power and 
temperature management according to one embodiment of the present invention. 
[0022] Figure 4 is a simplified block diagram illustrating a data processiag 
system depicted partitioned into thermal zones for power and temperature 
management according to one embodiment of the present invention. 
[0023] Figure 5 illustrates operational states for system level power 
management according to one embodiment of the present invention. 
[0024] Figure 6 illustrates operational states for processor and/or system 
power management according to one embodiment of the present invention. 
[0025] Figure 7 illustrates transitions from one run state to another run state 
according to one embodiment of the present invention. 

--7_ 
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[0026] Fl^re 8 illustrates a detailed block diagram representation of a data 
processing system with active power and tempsratuie njanagement according to 
one embodiment of the present invention. 

[00271 Figure 9 shows a software module diagram which shows software to 
manage Hie operation state of a data processing system according to one 
embodiment of the present invention. 

[0028] Figure 10 illustrates an example of a method to determine actions to 
be performed using fUzzy logic in operating a data processing system according 
to one embodiment of the present invention. 

[0029] Figures 11 and 12 illustrate an example defiizzification method to 
merge different actions as one quantified action to operate a data processing 
system according to one embodiment of the present invention. 
[0030] Figure 13 shows a software module diagram which shows software to 
manage the operation state of a data processing system according to one 
embodiment of the present invention. 

[0031] Figures 14 - 16 show methods to operate a data processing system 
according to embodiments of the present invention. 
[0032] F^;nre 17 illustrates a method to parcel out cooling changes to a 
number of controls according to one embodiment of the present invention. 
[0033] Ii^;nre 18 illustnctes an example of a state diagram which shows a 
way to operate a data processing system according to one embodiment of the 
present invention. 

DETAILED DESCRIPTION 

[0034] The following description and drawings are illustrative of the 
invention and are not to be constraed as limiting the invention. Numerous 
specific details are described to provide a thorough understanding of the present 
invention. However, in certain instances, well known or conventional details are 
not described in order to avoid obscuring the description of the present invention. 
References to one or an embodiment in the present disclosure are not necessarily 
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references to the same embodiment; and, such lefercnces mean at least one. 
[0035] As the perfixtmance of data jMcocessing systems continues to increase, 
so do power and cooling requirements. A fen and heat sink may not be adequate 
for such high performance data processing systems. To meet the challenge of 
combined conflicting design goals (e.g., coniputation performance, power usage, 
cooling, acoustic noise, and others), at least one embodiment of the present 
invention seeks to manage the working states of various components of a data 
processing system according to sensed information (e.g., one or more temperature 
sensors and performance sensors and fan speed sensors). Since hardware-based 
solutions have pre-detennined flexibility, at least one embodiment of the present 
invention utihzes the processing power of the data processing system to provide 
software-based management solutions (e.g., software in a kernel of an operating 
system). 

[0036] In the present document, a working state of a component (e.g., a 
microprocessor of a fan) is a state in which the con:q)onent works to provides the 
functionaUty of the component at a specific level of cost (e.g., the consumption of 
power usage, the generation of noise or heat, or other factors). A working state 
does not normally include the state in which the component does not work to 
provide its fimctionality for the system 

[0037] One embodiment of the present invention involves power and thermal 
management strategies to meet fbe combined challenge of high performance, low 
power consumption, low noise and tight ttiermal constraints. In one embodiment, 
power and temperature in a computer are actively managed so that the computer 
can go faster, run quieter with extended battery life, and avoid running too hot, as 
the computation speeds increase and the enclosures of conq}uters continue to 
push the limits of engineering. 

[0038] In one embodiment of flie present invention, a conqjuter system is 
instrumented with one or more sensors; and, at least one component of the system 
has a number of different working states. For example, different wotking states 
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have different power consmnption levels and performance levels (e.g., processor 
speeds measured in megahertz or processing operations per second, etc.), which 
are actively managed to meet cooflicthig goals, such as high pexformance and low 
power consumption, subject to thermal constraints (e.g., the interior of the 
computer enclosure should not or cannot exceed a certain temperature which may 
damage certain coinponents in the enclosure). Managing thermal output and 
finessing cooling efforts can help some machines avoid the need for fans, while 
allowing other machines to run fans more quietly. With the help of the 
information collected from the sensors, the computation perfonnance, user 
preferences and environmental requirements can be balanced to reach a best mix 
for a particular usage of the system. 

[0039] In one embodiment of the present invention, sensors are instrumented 
(e.g., in the hot spots for measuring temperature); controls are constructed to 
gracefiilly adjust the working states (e.g., through the adjustment of frequencies 
and voltages) for tradeoff in performance, power consumption, heat generation 
and heat removal; and, a thermal manager is provided to monitor and control one 
or more thermal zones, according to the constraints of system and user 
preferences, which define the priorities of conflicting goals. 
[0040] In one embodiment of the present invention, temperature sensors are 
instrumented so that the ten^)eratures of hot spots can be periodically polled. The 
temperature sensors can be implemented as thermal diodes on Ihte^ated Circuit 
(IC) chips (e.g,, micaroprocessors, gr^hics chips, microcontrollers, and others). 
Further, tachometers are instrumented to obtain the feedback about the working 
states of &ns. 

[0041] In one embodiment of the present invention, fine-grained control of 
firequendes and voltages for a data processing system is added in an arohitecture- 
mdependrat way to manage power consumption and heat generatioiL For 
example. Central Processing Unit (CPU) voltage and fiiequency control are 
provided to allow multiple CPU frequency and voltage states with fine-grained 
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control beyond just high or low; and cooling fims have speed control beyond just 
onoroffi 

[0042] In one embodiment of the present invention, software device drivera 
dynamically tw^ power md performance. For example, a CPU software driver 
manages CPU working states (e.g., speed, frequency, voltage) based on 
computation load, sensor measuremaits (e.g., CPU temperatures and CPU load 
levels), and various preferences and priorities (e.g., user preferences with respect 
to fen noise or other noise or battery Ufe). Device drivers for otho: controls use a 
similar approach to select the working state based on the required work load and 
various constraints. 

[0043] In one embodiment of the present invention, a thermal manager 
software module controls the powa: consumption level of various components 
through the software device drivers. For example, the software thennal manager 
may monitor and control physical (e.g. temperature) and logical (e.g. CPU load) 
sensors, optimize for user-center or design-center priorities, such as performance, 
heat, battery life, and noise, force drivers into lower power states to minimize 
power consumption and/or heat production, and remove heat with minimal noise. 
Further, the thermal manager may monitor and control multiple independent 
zones. 

[0044] It is vastly cheq>er to reject a feulty part during a fectory bum in 
process (before a customer receives the part) than to handle a customa- return. 
After a design is instrumented, bad parts can be detected early during the 
manufecture of or trating of the stystem, uang diagnostics tools. For example, 
whm a computer is instrumented with temperature sensors, misapplied heatsinks 
may be detected for correction, removing one of die most costly manufecturing 
defects. 

[0045] Many of the methods of the present invention may be performed with 
a digital processing s^^stem, such as a conventional, gaieral-pmpose computer 
system. Special purpose computers, which are designed or programmed to 
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perfotm only one function, may also be used. 

[0046] Figure 1 shows one emnple of a typical computer system which may 
be used with the present invention. Note that while Figure 1 illustrates various 
components of a computer sjwtem, it Is not intended to represent any particular 
architecture or maimer of interconnecting the components as such details are not 
germane to the present invention. It will also be appreciated that network 
computers and other data processing systems which have fewer components or 
perhaps more components may also be used with the present invention. The 
computer system of Figure 1 may, for example, be a Macintosh computer fiom 
Apple Computer, Inc. 

[0047] As shown in Figure 1, the compute system 101, which is a form of a 
data processing system, includes a bus 102 which is coupled to a microprocessor 
103 and a ROM 107 and volatile RAM 105 and a non-volatile memory 106. The 
microprocessor 103, which may be, for example, a G3 or G4 microprocessor 
from Motorola, Inc. or IBM or a G5 microprocessor from IBM is coupled to 
cache memory 104 as shown in the example of li^nre 1. The bus 102 
interconnects these various components together and also intercormects these 
components 103, 107, 105, and 106 to a display controller and display device 108 
and to peripheral devices such as input/output (I/O) devices which may be mice, 
keyboards, modep[is, netwrork interfeces, piintCTs, scamers, video cameras and 
otha: devices which are well known in the art. l^ically, Ihe iiqjut/output devices 
1 10 arc coupled to the system thrqugji input/ou^ut controllers 109. The volatile 
RAM 1 05 is typically implemented as dynamic RAM (DRAM) which requires 
power continually in order to refiesh or maintain the data in the memory. The 
non-volatile memory 106 is typically a magnetic hard drive or a magnetic optical 
drive or an optical drive or a DVD RAM or other type of memory systems which 
maintain data even after power is removed from the system. Typically, the non- 
volatile memory will also be a random acce^ memory although this is not 
required. While Figure 1 shows that the non-volatile memoay is a local device 
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coupled directly to the rest of the components in tEie data processing S3^em, it 
will be appreciated that the present invention vasy utilize a non-volatile memory 
which is remote &om the system, such as a network storage device wMch is 
coiq)led to the data processing system throng a network interface such as a 
modem or Ethernet interfece. The bus 102 may include one or more buses 
connected to each other through various bridges, controllers and/or adaptas as is 
well known in the art. In one embodiment the I/O controller 109 includes a USB 
(Universal Serial Bus) adapter for controlling USB peripherals, and/or an lEEB- 
1394 bus adapter for controlling IEEE-1394 peripherals. 
[0048] Sensors 112 are coupled to controller 109 to provide information 
about the operating environment condition of the components of the data 
processing system. For example, sensors 1 12 may include temperature sensors for 
determining the temperatures at a plurality of locations in the data processing 
system, such as the temperatures of microprocessor 103, volatile RAM 104, a 
hard drive and an optical (e.g., CD/DVD) drive; sensors 1 12 may further include 
a fan tachometer for determining the speed of a cooling fan, a light sensor for 
detertnining the amount of required backlight; a sensor to determine whether a 
display of a laptop is opened or closed and others. Althou^ Figure 1 iEustrates 
a configuration in which sensors 1 12 are coupled to controller 109, it is 
understood that sensors may also be integrated into components (e.g., 
microprocessor 103). Further, software sensors like kernel load fector are also 
used in at least some embodiments of the present invention. 
[0649] It will be s^areat from this description that aspects of the present 
invention may be embodied, at least in part, in software. That is, the techniques 
may be carried out in a ccmiputer system or other data processing system in 
response to its processor, such as a microprocessor, executii^ sequences of 
instructions contained in a memory, such as ROM 107, volatile RAM 105, non- 
volatile memory 106, cache 104 or aremote storage device or a combioation of 
memory devices. In various embodiments, hardwired circuitry may be used in 



-13- 



wo 2005/017468 



PCT/US2004/026444 



combination with software instructions to implement the preseat invention. Thus, 
the techniques are not limited to any specific combination of hardware circuitry 
and software nor to any particular source for the instructions executed by the data 
processing system. In addition, throughout this description, various fimctions and 
operations are described as being performed by or caused by software code to 
simplify description. However, those skilled in flie art will recognize what is 
meant by such expressions is that the fimctions result firom execution of the code 
by a processor, such as the microprocessor 103. 

[0050] A machine readable medium can be used to store software and data 
which when executed by a data processing system causes the system to perform 
various methods of the present mvention. This executable software and data may 
be stored in various places including for example ROM 107, volatile RAM 105, 
non-volatile memory 106 and/or cache 104 as shown in Fignre 1. Portions of this 
sofiware and/or data may be stored in any one or more of these storage devices. 
[0051] Thus, a machine readable medium includes any mechanism that 
provides (i.e., stores and/or transmits) information in a form accessible by a 
machine (e.g., a computer, network device, personal digital assistant, 
manufacturing tool, any device with a set of one or more processors, etc.). For 
example, a machine readable medium includes recordable/nan-recordable media 
(e.g., read only memory (ROM); random access memory (RAM); magnetic disk 
storage media; optical storage media; flash memory devices; etc.), as well as 
electrical, optical, acoustical or other forms of propagated signals (e.g., carrier 
waves, infrared signals, digital signals, etc.); etc. 
[0052] Fignre 2 shows a data processing sj^tem according to one 
embodiment of flie present invention. In Figure 2, the data processing system 
incUides one or more processors 201 (e.g., a Graphics Processing Unit (GPU) and 
one or more Central Processing Units (CPU)), devices 221 - 229 (e.g., cooling 
fan, battery charging system, AC adulter) and machine readable media 209 (e.g., 
RAM chips, ROM chips, hard drive, optical drive). The data processing system 
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may include coimnimication links to one or more devices oulside housing 200. 
For example, Ihe data processing system may be connected to a network or 
peripheral devices (221), such as a monitor, a keyboard, a cursor controlling 
device (e.g., mouse, a track ball, oar a touch screen, or a touch pad), a printer, a 
storage device, or ofliers. Al&ough Figure 2 shows that machine readable media 
209 are inside housing 200, it is understood that a portion of the machine readable 
media may be outside housing 200 (e.g., connected through an IEEE 1 394 bus or ' 
a USB bus, or a network connection). Further, some of the peripheral devices 
listed above as examples of devices 221 may be integrated mside housmg 200. 
For example, a touch pad, an LCD display panel and a keyboard can be integrated 
within housing 200 (e.g., on a notebook computer). 

[0053] Machine readable media 209 have program iostructions and data for 
operating system 233 (e.g., Mac OS X), apphcation programs 231 (e.g., a word 
processing program), and operatmg manner 235 for managing the states of the 
components of the system. Note that operating manager 235 can be a part of 
operating system 233. Sensors 21 1 - 219 are instrumented within housing 200 of 
the data processing system to obtain information about the envux)nmental 
conditions of various conq)onents of flie data processing sj^tem, such as the 
tenq)erature of the processors (201), the fen speed of a cooling fen, the lid 
position (e.g., open or closed). Some of the sensors can also be software modules 
that determine the computation loads for the jtfocessors. Operatmg maimger 235, 
when executed on at least one of the processors (201), causes the processing of 
the infonnatirai obtained fiom sensors 211 - 219 and the adjustment of the 
working states of the processois (201) and the devices (e.g., 221 - 229) to 
provide trade-off between performance and power usage while maintain proper 
thermal constraints to avoid damage or loss of data. 
[0054] Because software can crash, a safety thermal cutoff remains 
independent of the operating system aad is tied directly to Power Management 
Unit ^MU 205) which includes a hardware only portion which is not effected by 
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a software crasL When a sensor (e,g., 207) detects a temperature that exceeds a 
safety threshold, haidwace-based safety trigger 203 signals PMU for proper 
actioa PMU 205 may force a shutdown of the data processing system to prevent 
damage when an extreme thermal condition is detected. PMU 205 notifies 
processors 201 about the safety threshold; and, a software module may then 
notify the user that the safety threshold is being approached, if one of processors 
201 is responsive to PMU. If none of processors 201 is responding to the safety 
alert or if its response is inadequate to reduce the temperature, PMU 205 takes 
actions to power off the data processing system. Note that sensor 207 may be 
different and separate from sensors 21 1 - 219; alternatively, sensor 207 may be 
part of sensors 21 1 - 219 ais shared hardware. 

[0055] Figure 3 is a simplified block diagram illustrating heat sources and 
cooling sources of an exemplary data processing system having power and 
ten^erature management according to one embodiment of the present invention. 
In Figure 3, data processing system 300 has power and temperature management 
according to one embodiment of the present invention. System 300 includes 
power manager 301 (e.g., a software program running as a portion of the 
operating system on data processing system 300), heat sources 311 - 317 (e.g.. 
Central Processing Unit (CPU), GH?)hics Processing Unit (GPU), memory chips, 
hard drive, optical drive, backli^t, battery charging system, system core logic 
and others) and cooling sources 321 - 324 (e.g., cooling fans, heat pipes and heat 
sinks) located within housing 300 of the data processing system. The data 
processing system is instrumented with soisors 331 - 335 (e.g., temperature 
sensors, tachometers, light sensors, noise sensor and ofliers) within housing 300. 
[0056] In one embodiment of the present invention, power manager 301 is 
physically and^or logically coupled to heat sources 311-317, cooling sources 
321 - 324 and sensors 331 - 335. For example, power manager 301 can be 
partially a software program running on the data processing system, using the 
processing powar and storage capacities provided by tije heat sources, and 
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prntially hardware providing control signals to the heating sources and cooUng 
sources to balance the performance and power consumption and limit the 
temperatures monitored by the sensors. Some of sensors 331 - 335 maybe 
disposed proxnnate to some of heat sources 311 - 317, wiih some of cooling 
sources 321 - 324 being disposed so as to operatively coupled to the heat sources 
to remove heat from the heat sources. 

[0057] Figure 4 is a simplified block diagram illustrating a data processing 
system depicted partitioned into thermal zones for power and temperature 
management according to one embodiment of the present invention. In Figure 4, 
the data processing system is thermally divided into a pluiahly of zones (e.g., 
zones 401 - 404). The temperature of these thermal zones can be individually 
controlled via controls (e.g., C3PU controller, fim controller, hard drive controller) 
to the heat sources and coohng sources disposed within each thermal zone using 
the information from the sensors in Ihe corresponding zone. 
[0058] In one embodiment of die present invention, the data processmg 
system is enclosed withm multiple isolated thermal zones (MTTZ). hi the present 
q>plication, a thermal zone is a volume of space containmg components that have 
strong thermal interactiorL For exanq)le, in a thermal zone, the heat fiom one 
device may raise significantly the temperature of another; the devices may share a 
common cooling system or a common temperature sensor. One or more 
tenq)eratures within one zone are sensed for fliermal man^ement in that zone. 
[0059] It is possible that one zone m a system requires software management, 
and another does not. For example, a power supply could control a fan in a first 
zone, with the CPU and another fan m a second zone. In this example, cooling the 
power supply may very well cool the rest of the zone adequately (perhaps even 
over-coohng some components). Smce power consumption relates to heat in the 
power supply, it might be possible fliat meeting the cooling requirements of the 
power supply is guaranteed to cool all other devices in its thermal zone, hi this 
case, the power supply zone would require no active management. At the same 
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time, the CPU zone would need sensois md active thennal managranent 
[0060] Figure 5 illustrates operational states for system level power 
management acctnrding to one embodimrait of the present invention. There are 
four basic states in the system level power state diagram. These states are Off 
507, Ron 501, Idle 509 and Sleep 503. Rim 501 includes a range of working 
states with different power and performance levels. 
[0061] Off 507 represents a state when all power plane for the system is 
turned off, with the exception of those power planes necessary to run the power 
system (and one or more peripherals that can be operated in an autonomous 
mode). 

[0062] Idle 509 represents a state when the system is idling. Cache coherency 
is maintained when in Idle 509. All clocks are running and the system can return 
to running code within a few nanoseconds. When all CPUs stop computing, the 
system enters (519) from Run 501 into Idle 509, such as when the last active 
processor of the system is stopped in the state 603 and is dynamically 
switched between the Nap state 603 and the Doze state 607 for snoop cycles to 
complete. The North Bridge can control the switching between the Nap state 603 
and the Doze state 607, which will be described below with Figure 6 in detail. 
Any processor interrupt returns (519) the system from Idle 509 to Run 501 . 
[0063] Sle^ 503 represents a state when the intern is shutdown with various 
states preserved for instance recovery (513) to Run 501. In one embodiment, the 
states of the North Bridge, RAM and South Bridge are preserved to provide the 
appearance of instant-on/always-available. All processors are powered off after 
their caches are flushed and their states preserved in RAM for the system to enter 
(513) from Run 501 into Sleep 503. Other devices, such as the devices in PQ 
slots (or PCMCIA slots) are also powered off after preserving thdr state in RAM. 
All clocks in the system in the system are stopped except for the one for real-time 
clock function. 

[0064] Run 501 represents a state when a least one processor of the system is 
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running. If the system has multqjle processcjrs, the individual processors may 
move in and out of their respectiye processor power states (e.g.. Doze 607, Nap 
603, Sleep 605, Off 609 in Figure 6) in a fully independent maimer. While in 
Run SOI state, the processors can move together between different performance 
levels. The operating system sets the policies for when to shift performance levels 
and when to power manage individual C3PUs. For exaiiq)le, if there are threads 
waiting to be scheduled, the system is in Run 501 state and at least one CPU is 
miming and executing tiie thread. When tiie scheduler of the operating system 
runs out of threads, the system tramitions fmm Run 501 to Idle 509. 
[0065] There are multiple power and performance levels associated with Run 
501, in which the system moves (511) among them as load and other constraints 
dictate. In one embodiment of the present invention, the processor continues 
executing instructions while shifting in performance levels, remaining in Rxm 501 
but shifting between different working states with different power cons\miption 
levels and performance levels. For example, when more performance is needed, 
the CPU voltage and frequency may be increased to trade increased power 
consimipticn for high performance. When full performance is not needed and/or 
cooling down is required, the CPU voltage and frequency may be decreased to 
trade performance for reduction in power consumptitm, which helps cooUng the 
processor(s) down. 

[0066] In one embodiment of the present invention, a device is placed into a 
woridng state that uses as only much power as is required to perform a task. The 
power consumption for a device is scaled to match the wo± being requested. For 
example, the speed of a fim is adjusted to keep the temperature within the 
allowable range while using less power and producing less noise than when the 
fan is at the frill speed. The frm is controlled to run only as &st as it needs to, and 
no &ster. Sensors instrumented in the system are used to gather the informatiQn; 
and, the dateprocesidng syst^ processes the infcnmation to decide how to 
control the devices. 



.-19- 



wo 2005/017468 



PCT/US20O4/026444 



[0067] Jn. a given system implementation, there are different devices (e.g., 
CPU, hard drive, optical drive, graphics chip, power supply, memory chip, core 
logic) that m^ reach their thermal maximums (maximum thermal thresholds). If 
a device may above ite allowable temperature (to become overheated) under 
certain operating conditirai, the device may be included in a thermal management 
algorithm; sod, a temperature sensor can be mstrumented for detecting the current 
temperature of the device. If the enclosure and airflow somehow guarantees that a 
device will stay within its specifications (including noise), temperature sensing of 
that device is not required; and, that device may be included only for power 
management. 

[0068] There also might be a case where the temperature of one device is 
sensed indirectly via its effect on another device. For example, a design might 
have the hard drives preheating the air that flows over tiie CPU. If tiie algorithm 
for protecting the CPU always turns on the fan before the hard drives overheat, it 
is not necessary to sense hard drive temperature directly. 
[0069] In one embodiment of the present invention, device management 
includes using sensors for the devices and inq)lementing software drivers that 
controls the operations of the devices according to the work being requMted. In 
one embodiment, sensors inchide thetmistois, hard drive temperatoies, kernel 
loads, and more. ContiBls are provided to vary fen speeds, backlight brightness, 
hard drive speeds, to power devices off, to put a CPU in a different working state, 
and to throttle thread scheduling. 

[0070] Many of the devices of a computer (e.g., CPUs, GPU, haid drives, 
optical drives, backlight, charging system, etc.) have multiple power states, which 
can be used for active power management, such as varying spindle speed of hm'd 
drives. 

[0071] Figure 6 illustrates operational states for processor and/or system 
power managcaaent according to one embodiment of the present invention. In the 
Run state 601, all processor units are active. Dynamic clodc stopping to 
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individual functional units is allowed, but are invisible to software. Clocks are 
automatically restored to fimctional units immediately upon detection of any 
instruction to be dispatched fer that functional unit 

[0072] In the Doze state 607, all execution units are stopped. All processor 
caches and bus interface logic necessary to maintain cache coherency are active. 
[00731 In flie Nap state 603, all execution unite are stopped, along with all 
caches and bus interface logic. The system can bring (621) the processor back to 
flie Doze state 607 by de-asserting a signal (e.g., QAck). This is done when the 
system needs the processor to perform cache coherency operations. 
[0074] In the Sleep state 605, aU execution units are stopped, whUe the 
processor state is maintained. Before entering (6 1 9) the Sleep state 605, all 
processor caches are flushed, as a sleeping processor does not perform any cache 
coherence operation. In systems witii multi-drop bus topologies (60x, MaxBus), 
sleeping processors do not respond to deassertion (e.g., QAck). Systems wifli 
point-to-point interconnect topologies (e.g., ApplePI) usesper-processor 
deassertion signals, but not to a sleeping processor. 

[0075] In the Off state 609, core power is removed fiom flie processor. The 
Off state 609 is typicaUy used in'multiprocessor systems. In one embodiment, 
before a processor enters the Power Off state, it sets its PowerDownEnabled bit 
inside the core logic. Once the core logic asserts deassertion signal (e.g., QAck) 
to put a processor into the Sleep state 605, flie core logic checks the 
PowerDownEnabled bit If flie bit is set, ttie processor interface is flien put into an 
appropriate condition fi)r powering down tiie processor. An interrupt is generated 
to signal ttie system tiiat flie processor is ready to have its power removed. A Hve 
processor receives flie interrupt and performs flie appropriate actions to remove 
power fibom flie sleeping CPU, moving (615) it into flie Off state 609. 
[0076J Warn software determines fliat it again needs the processor fliat is in 
flie Off state 609, it performs the appropriate actions to reapply power to tiie CPU 
and reset it, returning (613) it to flie Run state 601. 
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[0077] In. a single processor system, the CPU may avoid the Sleep state 60S 
and target the Nap state 607 to avoid the penalty assodated with cache flnshiiig. 
In a multi-processor system, every processor eaccept the last active processor us^ 
either the Doze state 607 or the Sleep state 605. These two states impose no 
penalty for performing snoq> operations. The last active processor will use Nap 
607 in a manner similar to the siagle processor. The system enters the Idle state 
509 when the last active (or the only) processor enters the Nap state 603. 
[0078] One embodiment of the present invention moves the processor from 
performance level to performance level by changing frequency and power voltage 
while staying within the Run state 601 . Each performance level is a different 
combination of CPU core frequency, CPU bus frequency, and CPU core voltage 
that defines botti a computing performance level and a power consumption level. 
Each performance level representing a working state of the CPU. 
[0079] The number of performance levels implemented in a system depends 
upon a variety of factors. For example, some CPUs may only support two 
operating points, limiting the system implementation to Run 0 and Run 1. A well- 
managed portable design may implement Rim 0 for minimum power, Run 1 for 
specific functionality level such as DVD playback, and Run 2 for the clock 
frequency for the portable system. A high performance desktop may implement 
Rim 0 Jfor power and fhennal savings. Run 1 at 90% of maximum clodk frequency 
fr)r most operations, and Run 2 at maximum power. One example of different 
performance levels is illustrated below. 

[0080] Run 0: This is the lowest power and performance level supported by 
fte system. The processor's Doze mode entered from Run 0 may be different than 
that used at the other performance levels. In particular, a large portion of the CPU 
may be powered at a lower voltage than that required by flie snoop logic, saving 
significant leakage power. Run 0 can be the state at wiiich the system starts 
execufing code aftor a Power-On or Restart event 
[0081] Run 1 ... n: These states have incremental power and performance 
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levels above the next lower level one. These states differ solely by C3PU core 
voltage aiBl frequency, which sets leakage power, operating power and CPU 
pradfonnance. 

[0082] Run n+1 : This state is special in requiiing no transitions out of this 
state. Some systems may achieve higher performance if the CPU does not leave 
the Run state 601. Since tiie surge curr«its for transition in and out of Run can be 
significant, transitions can cause the maximum droop on the power supply rail. 
By avoiding these droops at the highest performance point, the Tnayitmnn 
performance can be achieved. However, by not allowing flie CPU to Nap (603) or 
Sleep (605), significant additional power will be used. 
[0083] In one embodiment, with the processor environment set to a specific 
performance level, the processors can independently transition back and forth 
between their different power saving states (Run 601, Doze 607, Nap 603, Sleep 
605, and Off 609). The system enters automatically firom Run 501 into Idle 509 
whenever there are no processors in the Run state 601. 
[0084] Some operating systems (e.g., Mac OS X) have the capabilities for 
monitoring the activity level of the CPU(s). In one embodiment, after determining 
the processing load currently required by the CPU, liie CPU can determine if it is 
above a certain activity level. Based on the processing load level, the 
management system can initiate a shift upward or downward in performance. 
[0085] Likewise, if the CPU determmes fliat it doesnt need all the 
performance that is currently available, it can shift downward in performance in 
order to save significant power. Since the CPU contimies to operate throughout 
the process of shifting, no significant latency is incurred as a result of the 
performance level change. 

[0086] In one embodiment, the algorithms used to detennine when to shift up 
and down in performance are contained in system software. The software makes 
the decisions about when to change the performance level. In one embodimrait of 
the present invention, the software relies not only on CPU load, but also on 
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system fliennal conditions, user preferences and others, to decide whether to 
move to a higher or lower perfonnance level. 

[0087] In one embodiment of the present invention, the CPU continues 
executing instructions throughout the performance transition process wi&out 
CPU reset. 

[0088] Figure 7 illustrates transitions fixmi one run state to another run state 
according to one embodiment of Ihe present invention. In one embodiment of the 
present invention, ttie transitions between the different CPU run levels are 
accomplished using a combination of frequency and voltage control. To increase 
performance (e.g., to move from Run 707 to Run 705), the CPU core voltage is 
first increased (701) to the level appropriate for Run 705. The CPU power supply 
moves the voltage between the two voltage points at a rate slow enough such that 
it does not induce errors in the running CPU. When the voltage transition is 
complete, the CPU is currently operating at point 709 in Figure 7; and, the CPU 
power supply may signal the system with an interrupt, indicating that it is now 
safe to increase frequency. At this point, the clock source starts to transition to the 
new (faster) operating frequency. The clock source slews (slowly changing) the 
frequency between the two operating points (e.g., 709 and 705) slow enough such 
that all the Phase Lock Loops (PLL) in the systan can track the clock without 
causing errors in the runniag system. 

[0089] Similarly, to decrease performance (e.g„ to move from Run 705 to 
Run 707), the clock source is finst mstructed to move to the new (slower) 
operating frequency. The clock source again slews ttie frequency betweai the two 
operating points slow enough such that all the PLLs in the system can track the 
clock without causing errors in flie running system. 

[0090] Since the operation of slewing the frequency Sxm point 705 to 709 
takes a deterministic amount of time, it is possible to have the CPU wait the 
appropriate delay and then infer that it is operating at point 709. Alternatively, the 
clock chip can generate an interrupt after achieving the new frequency. 
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10091] Once point 709 is reached, the CPU core voltage is decreased to the 
level ^ropriate for Run 707. The CPU power si^yply moves the voltage betweai 
the two voltage points at a rate slow enou^ sudi that it does not induce errors in 
the running CPU. Since no further action needs to be taken, the voltage transition 
xnay be left to complete unmonitored. 

[00921 hi a typical system, the different PLLs in the system have certain 
inter-relationdiips. For example, each PLL associated with the CPU may run at a 
frequency derived from a single, common reference clock. Each of these PLLs 
also has its own specified minimum and maximum operating frequencies. The 
individual PLL operating minimum and maximum frequencies imply that each 
PLL also has a specific minimum and maximum reference fiiequency that it will 
accept. In order for the system to work correctly, the reference clock must obey 
all the individual reference clock minima and maxima. In some cases, the PLL of 
a device (e.g., core logic) may be reprogrammed during the frequency transition 
operation to obey the clock minima and maYima of the device. 
[0093] Figure 8 illustrates a detailed bloclcdiagram representation of a data 
processing system with active power and temperature management according to 
one embodiment of the present invention. In Figure 8, the data processing system 
contains system core logic 801 (North Bridge), which interconnects CPU 805 and 
RAM 809. I/O controller 803 (South Bridge) connects core logic 801 with hard 
drive 811 and optical drive 813 (e.g., CD ROM, DVD ROM, CD R, CD RW, 
DVD R, or DVD RW) and ofher VO devices (e.g., a keyboard, a cursor control 
device, or others, not shown in Mgnre 8). Some components (e.g., CPU 805, 
GPU 807 and RAM 809) may have elevated temperature after generating 
significant amount of heat during operation. Some components (e.g., hard drive 
81 1 and optical drive 813) consume more power at a high speed and less power at 
a lower speed. Heat pipe 825 moves heat fiom one location to anther to transfer 
heat; heat sink 823 absorbs heat to regulate temperature; and, under the control of 
fan controller 845, variable speed fens 819 and 821 can woric at different speeds 



-25- 



wo 2005/017468 



PCT/US2004/026444 



for tradeoff betweeu the rate of cooling and the associated cost (e.g., noise and 
power consunqrtion). Sensors 831 and 833 momtor the tengierate of GPU 807 
and CPU 805 Ear active management of the system according to embodiments of 
the presisit invention. 

[0094] Figure 8 shows aparticular configuiation for the illustration purpose. 
It is understood timt dififerent configuratioiK can also be used with various 
methods of the present invention. 

[00951 In one embodiment, CPU power 843 is controllable to move the core 
voltage of CPU 805 from one point to another for the shifting of power 
consumption level (e.g., along path 701 in Figure 7); and, clock source 841 is 
controllable to slew the core frequency of CPU 805 from one point to another for 
the shifting of performance level (e.g., along path 703 in Figure 7). When the 
CPU is working at a lower fieqaency, the CPU voltage is reduced to save power 
and reduce heat generation. 

[0096] In Figure 8, sensor 831 measures the temperature of GPU 807; thus, 
GPU 807 and sensors 831 are in thermal zone 853. CPU 805, fen 819 and sensor 
833 are thermally coupled in thermal zone 851. Fan 821 may cools power unit 
817 and other components sufficiently such that other components may not need 
active diermal management. 

[0097] Although Ihe software-based thermal and power management can 
manage the operations of the system according to combined goals to achieve a 
best mix, software may crash. Thus, a hardware-based feilsafe mechanism is used 
in one embodiment of the present invention as a backup. For example sensor 835 
may trigger a safety alert when a safety threshold for tempaature is reached or 
exceeded. Note that sensor 835 may be replaced by an output from sensor 833 or 
831. Alternatively, sensor 835 maybe a circuit which combines the output of 
sensors 831 and 833 for safety trigger. In one embodimmt of the present 
invention, the temperature sensors can tri^ opaations (e.g., force the fen to run 
at the fiill speed or a shutdown of flie system) to prevrait thermal runaway 
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(ovedieating to cause damage), when the tenq>eratufe is above a threshold. In one 
embodiment, the sensor smds a signal to tiie powra: managranent unit (PMU 815) 
when this happens; and, PMU 815 controls power unit 817 for emergency 
powering off to prevent pamanent dams^e. 

[0098] In one embodiment of the present invention, software (e.g., a part of 
the operating system) has the responsibility for keeping all components within 
their respective thermal specification. The hardware failsafe is intended to 
prevent a crashed system from destroying itself. As such, the failsafe threshold 
may be set above a device's maximimi operating temperature, as long as it is still 
below the threshold above which permanent damage may occiu-. 
10099] In one embodiment, PMU 815 inq)lements a forced system shutdown 
function. When a hardware failsafe trips (e.g., by SKisor 835), PMU 815 tries to 
determine if the CPU is active. One method of determining if the CPU is dead is 
to use a watchdog timer (e.g., in KeyLargo/K2) to detennine whether the CPU 
response to a signal within a specified time period set for the timer. If the CPU is 
dead (e.g., not responding to the signal before the timer expires) after the failsafe 
has tripped, PMU 815 shuts off power to the system. 

[00100] In one embodiment, when the Msafe triggers, the informatiQn about 
the fiiilsafe shutdown is recorded so that a user can find out about the event at the 
next boot of the system. If a machine refuses to boot because it detects a 
misapplied heatsinl^ the LED emits a code to convey the nature of the Mure. 
Further, when the system cannot be sufficiently cooled, and devices are set to 
slower operating speeds, the user might be informed that the system's 
performance is suffering because of the heat 

[00101] HeatsinkB (e.g., 823) generally provides a valuable time to respond to 
non-responsive systems. Conversely, misapplied heatsinks can lead to destruction 
of a CPU in mere seconds. In one embodiment, during boot time, PMU 815 has a 
thermal trip watchdog timer that shuts off a non-responsive system with a time 
period he&xe an unsinked device mdte down. 
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[00102] to cme embodiment ofthe present inventioI^ the boot ROM code sets 
the thermal trip points in the (hernial sensoTB for devices that might sustain 
pennanent damage if over a critical temperature for more than a few seconds (e.g. 
CPUs). 

[00103] In one embodiment of the present invention, software manages a 
thermal zone (e.g., 851) by controlling one or more fans (e.g., fan 819 or otha- 
"cooling" devices, such as CPU 805 for reduced heat generation) in that zone. 
The fen control is in the form of speed control, and not simple on or off 
operations. For example, a signal is sfflit to control the fen speed by varying. duty 
cycle. 

[00104] hi addition to teUing the fan how fast to spin, the software detects 
whether or not the fan has responded to reliably manage the thermal zone. For 
example, the software can used the tachometer input fiom fan conliollers to 
obtain this feedback. 

[00105] In one embodiment of the present invention, the tachometer feedback 
is to ensure that the fan begins spinning when jBrst turned on. Fans may run at 
speeds slower than those required for spin-up. Some fan controllers start the fan 
at full speed and then backs off. hi one embodiment, a better algorithm for 
spiiming up a fan is to slowly increase the duty cycle until the fan starts up, and 
then slowly bade it down to the actual deared fen speed (if slower than the 
startup speed). Tachometer feedbadk can be used to ini^lement this alg^thm. 
[00106] In one embodiment of the present invention, a fen is controlled by a 
fan curve, which describes the relationship between the temperature values of one 
or more temperature sensors and the speed of the fan. For example, one fen curve 
specifies that for a given temperature the fan is to run a given speed. In one 
embodiment, there is one fen curve to map each senor to each fan for a given 
performance level; thus, the total number of fan curves is: 
[00107] (number of sensor and performance level combinations) x (numbar of 
fens) 
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[00108] The maoager select the maxiinum speed &om the ^eeds tequited by 
all sensors according to the &n curves at the current performance level as the 
desired &n speed. 

[00109] Jd. one snbodiment of the present invention, the curves are 
determined based on temperature measurements taken at different &n speeds and 
at different performance levels. 

[001 10] In one embodiment of the present invention, software controls fan 
speed to manage system thermals. The goal of the software is to run the fan, as 
slowly and quietly as possible while maintaining device specification. Since a 
single thermal zone may have multiple hot spots, the software runs the fan at the 
slowest speed required to keep all hot spots in check, even if it means that one 
device is cooled more than required in order to keep another device within the 
specification. 

[00111] In one embodiment of the present invention. Active Thermal 
Management software is implemented in the kernel of an operating system. A 
thermal manager processes input data, including sensed information (e.g., 
temperature, CPU processing load, GPU processing load), detected conditions 
(e.g., battery charging, lid closed, sleqp mode) and user preferences (e.g., prefer 
high graphics processing, prefer low noise) to optimize and direct accordingly 
CPU and/or GPU processing levels, battery charging periods, fan speeds and 
drive performance. Thus, the management system integrates the inputs fiom 
sensors, user preferences, current tasks and o&er ccoiditions like lid closed 
operation to determine the optimum way to keep Hoe tenq>erature of the system 
within a desired range by increasing the cooling or decr^sing the heat produced. 
In at least one embodiment, users of the data processing system can manage their 
own thermal solutions througih the thainal management software modules 
implemented on the data processing system (e.g., by setting the user preferences). 
[00112] Figure 9 shows a software module diagram which shows software to 
manage the operation state of a data proc^sing system according to one 
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embodiment of iiie present invention. In one embodiment of the present 
invention, a thermal managemmt software system incMes several modules, 
including sensor driver 907, thermal manager 901, and control driver 903. 
Thermal manager 901 pojanns the central decision-making. Sensor driver 907 
communicates with device driver 909 to obtain sensed information; and, control 
driver 903 communicates with device driver 905 to adjust working states of one 
or more components (e.g., CPU, GPU or fan). In one embodiment of the present 
invention, device information 911 from the device tree 913 and Boot ROM 915 
are collected for the instantiation of saisor driver 907 and control driver 903 
during the initialization period. 

[00113] In one embodiment of the present invention, the thermal manager 
monitors and controls the mtemal temperatures of the data processing system, on 
which the operating system is running, to prevent uncomfortable or unsafe 
temperatures. Certain parts, like the processor and graphics hardware, are more 
prone to overheatmg than others. Other components, like optical and hard drives, 
may fail due to excessive heat in the system. In order to monitor the temperatures 
of particularly hot components, the thermal manager (901) obtains temperature 
information about them from sensor drivers (e.g., 907). Based on the temperature 
information, the operating system instructs control drivers (e.g., 903) to take 
action to mitigate temperature increases as necessary in a thereat feshion. 
[00114] In one embodim^ of the pnssent invention, &ermal manager 901 
contains a set of global rules that dictate how to manage tbe system: whether to 
manage more heavily, stay the same, or manage less heavily. For example, a 
thermal manager may contain a Cooling Decider to determine the amount of 
cooling adjustment required based on the mfbrmation obtained from sensor driver 
907, a priority decider to prioritize a list of controls according to user preferences 
921, ^^stem information 923, and a control decider to ac^'ust the controls 
according to the prioritized list of contcols to achieve the determined amount of 
cooling adjustment. For example the Cooling Decider takes sensor value data 
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of the present invention. In one embodiment of the present invention, a thermal 
management software system includes several modules, including sensor driver 907, 
thermal manager 901, and control driver 903. Thermal manager 901 performs the 
central decision-making. Sensor driver 907 communicates with device driver 909 to 
obtain sensed information; and, control driver 903 communicates with device driver 
905 to adjust working states of one or more componente (e.g., CPU, GPU or fan). In 
one embodiment of the present invention, device information 91 1 from the device 
tree 913 and Boot ROM 915 are collected for the instantiation of sensor driver 907 
and control driver 903 during the initialization period. 
[00113] In one embodiment offheptesmt invention, the thermal nianager 
monitors and controls the internal temperatores of the data processing system, on 
which the operating system is running to prevent uncomfortable or unsafe 
teixq}6ratures. Certain parts, like the processor and graphics hardware, are more prone 
to overheating than others. Ofhec components, like optical and hard drives, may fail 
due to excessive heat in the system. £a order to monitor ibe temperatures of 
particularly hot components^ the thmnal manag!^ (901) obtains tranperature 
infinmation about them from sensor drivers (e.g., 907). Based on the temperature 
information, the operating system instructs control drivears (e.g., 903) to take action 
to mitigate tenq)erature increases as necessary in a coherent &shion. 
[00114] In one emboc^ent of the ptesoat invention, fbmnal manager 901 
contains a set of global rules that dictate how to manage the system: whether to 
manage more heavily^ stay the same, or manage less heavily. For example, a thermal 
manager may contain a Cooling Decider to determine the amount of cooling 
adjustment required based on the information obtained from sensor driver 907, a 
priority decider to prioritize a list of controls according to user preferences 921, 
system information 923, and a control decider to adjust the controls according to the 
prioritized list of controls to achieve flixe determined amount of cooling adjustment 
-31- 



wo 2005/017468 



PCT/US2004/026444 



For example, the Cooling Decider takes sensor value data and calculates how much it 
should turn the system cooling xsp or down. Specific rules that represent additional 
criteria, such as user preferences and environmental factors, are used to prioritize the 
available controls for use in the determination of control indices. The Priority 
Decider creates a sorted list of controls ranked in the order they should be changed 
according to these rules. The Cooling Decider passes the desurable coolmg change 
and any relevant information, such as the target thermal zone in which the coohng 
change is to be implemented, to a Control Decider, which implements the desirable 
cooling change. The Control Decider takes the amount of cooling detemiined by the 
Coohng Decider and parcels out those changes to the controls in the order 
determined by the Priority Decider. In one implementation, this decision-making 
happens at polled intervals. 

[00115] In one embodiment of the present invention, thennal manager 901 
employs I^izzy I^gic and other data-drrvea algorithms to manage system 
tempaature. For exaniple, the Cooling Decider uses fiizay logic principles and 
inference rules to determine the amount of cooliog change, instead of modeling the 
system mathematically, in which the fuz2y logic model is empirically daived and 
modified through testing or simulation. An example of a rule is: 
[00116] IF (temperature is hot) AND (temperature is inareasing) THEN (turn 
cooling up). 

[0011'^ After a number ofrules are evaluated, theiriesults are cranbined to 
generate a single result Terms like (temperature is very hot), (temperature is 
inCTeasing) or (turn cooling up a lot) can be defined for better precision in control. 
[00118] For example, a Cooling Decider may use the following rules. 
[00119] 1. IF (tempaature is cold) THEN (turn cooling down) 
[00120] 2. IF (temperature is warm) THEN (do nothing) 
[00121] 3. IF (temperature is hot) THEN (turn cooling up) 
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[00122] Figure 10 illustrates an example of a method to determine actions to be 
performed using fuzzy logic in operating a data processing system according to one 
embodiment of the present invention. A sensed temperature may be classified non- 
exclusively as cold, warm and hot. For example, if the current temperature is a 
number of degrees below the desired temperature, it can be classified mostly warm 
and a little cold. In Figure 10, membership functions 1001, 1003 and 1005 define the 
levels of truth for the classification of different temperatures. For example, curve 
1001 represents the level of truth for different temperatures. When the dififearent 
between the current temperaliire and flie target tanpetature, T-To, is between -10° 
and 0°, the truth >^ue increases linearly as the current teimperatare reduce (and 
decreases as the current temperature increases). When the current temperature is 10** 
below the target tenqjerature, thq truth value of bdng cold is 1.0; and, when;the 
current temperature is above the target tetnperature, the truth value of being cold is 
0.0. Curve 1003 defines non-constant truth values of warm when the difference 
between the current temperature and the target temperature (|T-ToD is less than 10°; 
and, curve 1005 defines the linear variation of truth values of hot when the current 
temperature is within 10° above the target temperature. Thus, if a current tenq)er^ure 
is 7.5°, the truth values for cold, warm and hot are 0, 0.25 and 0.75 (1021, 1023 and 
1025) respectively. The above rules for flie cooling decider then lead (1011,1013 
and 1015) to the corresponding truth values 0, 0.25 and 0.75 for the actions (torn 
cooling down), (do nottdng) and (torn cooling up) respectively, whea the above 
inference rules are used. 

[00123] Membership graphs may be of complex shapes, such as Gaussian curves. 
Keeping them to triangles and trapezoids makes the calculations much faster. 
[00124] Figures 11 and 12 illustrate an example deflizzification method to merge 
different actions as one quantified action to operate a data processing system 
according to one embodiment of tiie present invention. 
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[00125] To merge the different results, the Cooling Decider goes through a 
process called "defuzzification" to get a single, crisp result ia the range of ±20 units 
for the cooling, assuming the change of cooling is always limited within 20 units. 
Consider an example in which the actions of (turn cooling down), (do nothing) and 
(turn cooling up) have member functions 1111, 1113 and 1115 respectfully, as 
shown in Figure 11. Figure 11, when cooling is turned down by no more liian 10 
units, the truth value of (turn cooling down) increases linearly as the unit of cooling 
decreases; when cooling is turned up by no more than 10 units, the truth value of 
(turn cooling up) increases linearly as the unit of cooling increases; and, when the 
change in coolii^ (|AC|) is less tbaa. 10 units, (Do nothing) has non-constent truth 
value. 

[00126] Note that the shapes, ranges and slopes of member functions 1111,113 
and 1 1 15 for (torn cooling down), (do no&ing) and (turn cooling up) aie in general 
different &om those £br cold, warm and hot. 

[00127] A commonly used method for "defiizzdfication", called the Centroid 
algorithm, first clips each consequent (result) by the degree of truth of its antecedent 
Smce (turn cooling down), (do ZKitbing) and (turn cooling up) have truth values 0, 
0.25, 0.75 respectively, member functions 1111,1113 and 1 1 1 5 are clipped to 
generate functions 1101, 1103 and 1105 respectively. 
[00128] Next, the clipped membra: fimctions sure overlaid as in Figure 12 to 
c^culate an average point where there is an equal area under the graph on each side 
of the average point. This is analogous to finding the center of mass in physics and is 
called the Centroid Method. Curve 1203 in figure 12 corresponds to the portion of 
curve 1103 between points 1122 and 1125 in Figure 11; and, curve 1205 
corresponds to the portion of curve 1 105 beyond point 1 126. The average point 1211 
in Figure 12 is at 10.2 unit. Thus, the Cooling D«;ider reaches the conclusion to turn 
up cooling for 10.2 units. 
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[00129] The priority decider and the control decider then determine how to turn 
up cooling for 10.2 units. 

[00130] There are at least two kinds of data that are taken into account in deciding 
the priority ordering of controls: thermal zone and control type. For example, a 
system might have two fans: a CPU near one fan, and a GPU near the other, hi this 
example, there might be two thermal zones, one specifying the CPU and its 
associated fan, and the other specifying the GPU and its fiin. However, the fans, 
CPU, and GPU are different types of dermal controls: they create differeat side 
effects when in modulating the tempeiatutes. Therefore, they are associated by type 
of control (e,g., fin, processor, etc). Each type of control has certain Imown 
properties, depending on the user's preferences or current eavironmeatal &ctois. 
[00131] The Priority Decider prioritizes the controls by type and zone into a single 
priority queue for the Control Decider to adjust For example, the list can be 
determined by user profiles, like "quief ' and "higji performance.*' These profiles sort 
the controls by type. Within a type, the controls can be ordered by proximity to hot 
sensors: if a particular control is closer to fbe hot sensor than another similarly-typed 
control, it will have a higher priority. However, dififerently-typed controls are sorted 
according to profiles, not zones. 

[00132] In one embodunent of the prraent invention, the Priority Decider is based 
on an ejqiert system, which takes in dynamic system information and applies it to a 
list of rules to determine the priorities of the controls. The rules for the Priority 
Decider include systan environmental rules and user preference rules. A level of 
priority indicates that the level of importance of the work of the device. Examples of 
system environmental rules include: 

[00133] If intake temperature is high, decrease the fan's priority 

[00134] If battery is charging and is above 90%, increase the battery charger's 

priority 
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100135] If C3»U load is low, decease the CPU's priority 

[00136] If zone x is hot, use controls in zone x first 

[00137] If graphics pipeline is busy, decrease the GPU's priority 

[00138] If DVD is playing, decrease the CPU's priority 

[00139] If burning CD/DVD, decrease the CPU's priority 

[00140] If filesystem is busy, decrease the hard drive's priority 

[00141] If sensors are too hot, don't bum CD/DVD 

[00142] If CPU speed is too slow, can't bum CD/DVD 

[00143] Examples of user preference rules include: 

[00144] If "quiet," decrease the fan's priority 

[00145] If "high performance," decrease flie CPU's priority 

[00146] If "high performance," decrease the GPU's priority 

(00147] The Control Decider adjusts the list of controls to achieve the required 

cooling change determined by the Cooling Decider, according to a list of controls 

ranked by the Priorily Decider in the ordar they should be changed. Jn. one 

embodiment, the cooling change that the Cooling Decider provides can be 

considered as the quantity of total control index change to be made, with 0 being no 

cooling change, positive representing more aggressive cooling, and negative 

tegpresenting less aggressive cooling. 

[00148] For examplCj if the Cooling Decider dietermines to increase cooling for a 
number of units, the control with the lowest priority is adjusted &st (e.g., to reach 
the maximim cooling edacity if necessaiy) to provide the required cooling. If the 
required unit of cooling is not satisfied after the total cooling capacity of the control 
with flie lowest priority is exhausted, the control with the next lowest priority is 
ffiijusted. Thus, the list of controls is processed in flie ascending order of priority for 
adjustment until the required imits of cooling is satisfied. 
[00149] Similarly, if the Cooling Decider determines to decrease cooling for a 
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nimiber of units, the control with the highest priority is adjusted first (e.g., to reach 
the minimum cooling capacity and maximum performance) to accommodate the 
decrease of cooling. If an extra number of unit of cooling is available for decreasing 
after the cooling provided by the control with the hi^est priority reaches the 
minimum, the control with tiie next highest priority is adjusted. Thus, the list of 
controls is processed in the descending order of priority for adjustment until the 
given units of cooling is decreased. 

[00150] In one embodiment of the present invention, the number of cooling units 
to be changed can be zero, with Ihe changed priorities of the controls. To leflecft flie 
changes in priorities, the cooling units may be traded between controls of different 
priorities to achieve better performance. For example, if high jHiority control A is 
providing more cooling than low priority control B, the high priority control A is 
adjusted for higho: performance but less cooling, while the low priority control B is 
adjusted to provide more cooling to conqiensate for the reduced cooling fiom control 
A 

[00151] In one embodiment of flie present invention, the information about 
sensors and controls in Ihe system (e.g., type, zone, and others), environmental 
parameters (e,g., high/low temperature thresholds), membership functions and 
inference rules required by Ihe Cooling Decider, i«iority lists of controls needed for 
various user-affected settings, and others are collated (e.g., fixim device tree 913, 
Boot ROM 915) dffling an initiaKzation period (e.g., at startup) of the management 
system. 

[00152] Figure 13 shows a software module diagram which shows software to 
manage the operation state of a data processuig system according to one embodiment 
of flie present mvention. In one embodiment of the present invention, thermal 
manager manage system tempeiature through making simple decisions based on the 
temperature sensors and adjusting the C3*U and GPU performance accordingly. In 
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one embodiment, the thermal manager is a platform dependent driver (e.g., platform 
monitor 1321) that responds to events generated by sensor drivers (e.g., in response 
to excessive thermal loading), power management requests (e.g., from power 
management 1313), or configuration changes from the user to modify the behavior of 
the system (e.g., by adjusting the working states of the components of the data 
processing system through controls 1325, 1327 and 1329). The thermal maoager 
monitors the environmental factors (e.g., using sensors 1323) and takes necessary 
action to prevent damage to machine components or loss of user data. 
[00153] In one embodiment of the present invention, state watcher 1311 allows a 
user to monitor sensors and observe the behavior of the thermal managw. This tool 
may be used to report all relevant data from the thermal management system, as well 
as make runtime tweaks to parameters in the system. For example, the user can see 
what the system would do if it were at a certain temperature or a certain state and set 
thresholds and polling periods for the individual sensors. 
[00154] In one implementation, platform monitor 1321 implements a state 
machine, which in response to the input, adjusts various system parameters in order 
to adjust the level of cooling needed for the conq)uter system. The knowledge about 
the temperature being managed and what constitutes too hot versus too cold are 
coded in the platform monitor. In one embodiment of the present invention, the 
pktfonn monitor determines the current state of the system from the information 
obtained from the sensor drivers and adjusts the thermal controls of the system to 
move the system from one state to another, if die current state is not a desirable one. 
For example, the states are determined from the information collected from sensors 
(e.g., temperatures sensors), system conditions (e.g., lid open or closed), and 
preferences (e.g., "quiet" or "high performance"). There may also be different 
profiles for lid-closed, "quiet", or other situations so that the monitor actively 
manages the system to move between ihe states in the cunent profile. The platform 
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monitor is platfonn specific and has detailed knowledge of the platfonn on which it 
is namic^ Using this knowledge, it collects information from sensors in the system 
and takes appropriate actio:^ based on the states of these sensors. 
[00155] Sensor drivers provide mvironmental information about the computer. An 
instance of a sensor driver represents a specific environmental-sensing device, hke a 
themaistor, an ambient light sensor, or a software sensor like kernel load factor. For 
example, temperature sensors provide temperature information about the data 
processing system on which the sensor drivers are r unnin g A sensor driver gets 
information about the sensor (e.g., thermal zone, type (such as temperature, Kght, 
battery, kernel load), thresholds, and others). Sensor drivers can be polled to get the 
current values and may support event notification to signal hnportant threshold 
conditions. 

[00156] A sensor driver (e.g., 907 or 1323) may ^ply to any sensor that detects 
one aspect of the state of the system. For example, the user selecting "Eleduced 
performance" in the Energy Saver preference panel is sensor input. Whether the user 
has open or closed the clamshell is sensed information about the environment of the 
data processing sjstem. Any ispvA may trigger a response that dictates a slate change 
of the system; and, the platfonn monitor is the centralized decision maker for taking 
actions to adjust the s^ of the system. 

[00157] Ea one embodiment, each sensor registers itself with the manager (e.g., 
platform monitor 1321 or themial manager 901). For some sensora, such as 
tranperatare sensors, the manager sets a threshold that controls when the sensor 
driver notifies the manager. For example, a temperature sensor may be given an 
\xppex threshold and a lower threshold so that the sensor driver notifies the manage- 
whenever the sensed temperature crosses one of those thresholds. The sensor may be 
a smart one so fliat it triggers an interrupt when a threshold is crossed. Alternatively, 
the saisor driver may amulate this behavior by polling the sensor and only notifying 
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also registers as a client of the sensor driver to establish conunnnicatioiL The 
sensor driver sends a message to the manager when an interesting event occurs, 
such as a threshold that has been hit or exceeded, or when the manager polls &e 
sensor for die current value. In one embodiment of the present invention, the 
generic temperature sensor driver is a generic liaison driver. It obtains the actual 
value for tibe sensor by talking to a specific device driver. 
[00163] Control drivers are the actual effectors of the state change. Examples 
of these include drivers that can change CPU multiplier, system bus speed, or 
GPU performance level. In one implementation, some of these controls are linked 
into the manager (e.g., platform monitor). 

[001 64] In one embodiment of the present invention, an instance of a control 
driver represents a device that is able to adjust its working state for environmental 
variation, including devices that are designed for removing heat, such as fans, or 
devices that can adjust their pc^ormance to reduce heat generation. Control 
drivers may be visualized as a dial for the output of the device they're controlling. 
In one implementation, a control driver accepts a value for the dial (e.g.; 
indicating a working state as a index value within 0-100, with higher values 
representing most aggressive cooling and lower values re^:raenting least 
aggressive cooling); and, the control driver also supports r^Knting its current 
index value and information about whether it is at the Tnayrnrnrn or mfniTm im 
control level 

[00165] The device Hiat can have a carrespcsoding control driver include: 
CPU, GPU, fim, backl^Jit, battery chai;ging, hard drive, optical drive, PCI card, 
and others. CPU and GPU can be of a type of "performance hif * for whidi 
different working states correspond to different tradeoff in performance and heat 
generation (or power consumption); &n can be of a type of "noisy" for which 
different working states cotrespjnd to different tradeoff in heat removal (and 
noise) and powa: consun^ptioi^ bacldi^t and battery cfaargmg can be of a type of 
"user impacf ' for which different working states conespond to different tradeoff 
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in user e^qperience impact and power coasaioption. 

[00166] The CPU clock is generated for some CPUs via an on-chip PLL that 
selectively multiplies and divides the processor hus clock. However, the CPU 
clock PLL configuration of many microprocessors is only programmable during a 
reset cycle. Thus, these CPU may be rebooted in order to change clock speeds. 
The special reset cycle for changing clock maybe acconq)lished by programming 
a register in the memory cotttioller fix state initialization and then sending a 
command to flie PMU for a reset 

[001 67] The latency for switching the CPU multipUer is very high when a 
complete reset of the CPU is performed. In such an implementation, interrupts 
can be deferred for a period of time until the CPU reset is complete. This high 
interrupt latency can be evident to the end use in the form of audio drop outs 
and'or pops. Thus, such a method for CPU speed switch is generally not 
transparent without affecting the user experience, hi one embodiment of the 
present invention, such an approach for CPU multiplier shift is used primarily to 
cope with excessive thermal stress. 

[001 68] To achieve a more transparent OPU speed change, the CPU clock is 
altered through slewing (slowly changing) the bus clock. Some micropiocessois 
derive their clock from the system bus clock using an on-chip PLL. In one 
embodiment of the present invention^ the processor clodc is changed^ without a 
reset, througih slowly changing the processor bus clod:: at a rate slow enou^ to 
allow the on-cMp PLL remain locked. One technical challenge is that Rbang itig 
the bus clock has the side effect of changing the rate at which the decrements: 
register is modified. In one embodiment of the present invraition, several 
hardware components are used to in:Q)lement CPU speed adjustment through 
slewing the bus clock, including a programmable clock source (e.g., Qypress 
CY28512) to support slewing and a circuitry in the core logic to handle liie time 
base drift problan. Some CPUs have a signal called 'TBEN" (Time Base 
ENable), which can be used to temporarily stop the processor &om keeping track 
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of time. Custom logic inside the core logic modulates (changes) the TBEN signal 
in response to monitoring tiie masta: clocks. As a result, the CPU concq)t of time 
is updated sit a constant rate, even though the bus clock changes with time. 
[00169] In one embodiment of the present invention, a chip (e.g., CY285 12) is 
used to take in a clock signal, apply some user-piogrammable multipliers to it, 
and output the clock signal at tiie resulting firequency. The formula that the chip 
uses to calculate the output frequency is as follows: 
[00170J Output Frequency = Input frequency * (N / M) 
[001711 The N and M values (along with some other options) are user 
programmable. For better usability, some chips (e.g., CY28512) accept two 
sqjarate pairs of N and M values, and provides a way to switch between them. At 
initialization time, one pair is programmed with a set of "low" multipliers for the 
generation of a low output frequency, and the otha: pair with a set of "high" 
multipliers for the g^ieration of a high output frequency. While the system is 
running, a control driver can to^e between them dynamically to effectively turn 
the clock frequency up and down. To slew the frequency slowly enough so that 
the on-chip PLL of the CPU can follow the frequency change, a number of 
frequency changes can be performed in small steps. 

[00172] One advantage of lowering the clock frequency is that it allows the 
system to run at a Iowa voltage than normal to save power and reduce heat 
Thus, after tuining the clock down, the control driver can also turn the voltage 
down. 

[00173] Some Graphics Processing Units (GPU) (e.g., the nVidia GeForce4Go 
(NV17M)) have a variety of power saving features designed (e.g., wilh a mobile 
^plication in ncdnd). Some of these features are automatic; and, others are 
manually settable. For example, NV17M allows the chip to turn off unneeded 
areas to save power when fliey are not beiiig used. Unused blocks can power 
down, as they sxe, not needed. For exaniple, the driver to an unattached display 
can be powered off if a sa»nd display is not attached, or the MPEG decoder cell 
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tumed off if thesce is no need for it. The hardware clock saves power during tiny 
fractions of a second when the graphics hardware is not being used to its fiiUest 
100174] The configurable feature of the NV17M is the ability to modify the 
swap interval The swap interval defines the maximum number of frames the 
GPU tenders per second. It also defines the number of screen refreshes between 
redraws. The overall effect is a change in GPU workload, which may also change 
the workload of the CPU, For example, the GPU may be configured to work at 
swap interval of 0 without power saving, at sw^ interval of 1 to generate frames 
at no faster than the display refresh rate, or at swap interval of 2 to generate 
frames at half the display refresh rate. In one embodiment of the present 
invention, the configurable swap interval is manipulated to limit temperature. 
[00175] In one embodiment of the present invention, devices that act as 
sensors or controls are described in the device tree with a set of properties added 
to the nodes in the device tree, such as the type of sensor (i.e. temperature), a 
unique sensor ID, and the thermal zone of the sensor, location, poUing period, and 
others. Dining the initialization period, control drivers and sensor drivers obtain 
this information from the device tree. For example, a control driver gets from the 
device tree information about the control, such as thermal zone, attributes (e.g., 
performance Mt, noisy, cooling device), type of control (e.g., fan, processor, etc). 
The manager uses this information in determining the instantaneous index value 
for each control when new sensor values arrive. When an instantaneous index is 
received Sam the manager, fhs control driva: communicates with one or more 
device drivers to adjust the control as necessary. 

[00176] A state manager connects the sensor drivers and the control drivers to 
manage the working states of the components to provide the desirable result. For 
example, the levels of power and temperature dynamics may be control by the 
manager to best perform the current task within power and themml constraints. 
The manager chooses the most relevant thermal controls to adjust, as well as how 
much to adjust When some sensors indicate that they are at a particularly low 
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teraperatiire, the polling of these sensors may be stopped after setting a threshold 
at which tiie sensors notify the system to restart polling them. 
100177] While the modules are functionally very independent, they may be in 
separate drivers or combined drivers. For exanqile, some hardware device, such 
as fan controllers, may a combined sensor and control driver. If the only 
temperature of interest is the highest one of a number of thermistors, they may be 
combined into a single sensor. Further, the Cooling, Priority and Control 
Deciders may be just sets of routines withm a single code module. From tiiis 
description, a person skilled in the art can envision many different combinations, 
modifications and variations. 

[00178] Figures 14-16 show meOiods to operate a data processing system 
according to embodiments of the present invention. 
[00179] In Figure 14, operation 1401 receives sensed information firom a 
plurality of physical sensors (e.g., thennistor, tachometo) instrumented in a 
housing of a data processing system. Operation 1403 receives load infiamation 
on processing loads (e.g., CPU load). Operation 1405 controls working states of a 
plurality of components of the data processing system in the housing according to - 
the sensed infommtion and the load informatian. The sensed information and the 
load information can be used to fine grain control the componmts to balance 
different goals, such as high performance, low power consumption, low acoustic 
noise, thermal constraints, user preferences, system design constraints, and 
othois. 

[00180] In Figure 15, after operation 1501 collects sensed information (e.g., 
CPU load and processor temperatures) firom a plurality of sensors of a data 
processing system, operation 1503 determines a current state of the data 
processing systan based on the sensed information and user preferences. 
Operation 1505 determines a target state according to a predetermined state 
diagram. Operation 1507 selectively adjusts a set of controls to change working 
states of components of tiie data processing system to move the system fix>m the 
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currait state to tiie target state. The state diagram may be pie-designed to specify 
control adjostments for transHiaa from one state to anofho: to balance different 
goals. 

[00181] Figure 18 illustrates an example of a state diagram which shows a 
way to operate a data processing system according to one embodiment of the 
p^ent invention. In one enibodimeot of the present invention, the state of the 
sj^tem is determined from the temperature and the position of the lid. When the 
temperature is in the normal range, the system is either in state 1 817 if the lid is 
in the open position or in state 1827 if the lid is in the closed position. When the 
sj^tem is in state 1817 or 1827, the system is allowed to operate at a maximum 
performance level. For example, the cooling provided by the CPU is at the 
lowest level (e.g., 0%), allowing a fast dynamic speed and the maximum 
computation performance; and, the cooling provided by the GPU is also at the 
lowest level (e.g., 0%). It is understood that the cooling provided by a processor 
(e.g., CPU or GPU) can be achieved through adjusting the working state of the 
processor to reduce the power consumption and the associated heat (e.g., through 
reducing the clock frequency and the core voltage). However, in one 
embodiment, when the lid is closed, the PMU is forced to run at a slow speed. As 
the temperature T increases to pass thresholds Tm^, T^m-opea, l*iid^, and 
T^iid-apen, the state of the system transits from state 1817 (normal) to states 1815 
(warm), 1813 (very warm), 1811 (hot), and 1803 (very hot), if the Ud is qpen. 
Similarly, as the temperature T increases to pass thresholds T^iosea, T^m. dpsed, 
T^iid-cioseds and T^Hd-ciosed, tile state of the system transits from state 1827 (normal, 
Ud closed) to states 1825 (warm, lid closed), 1823 (very warm, Ud closed), 1821 
(hot, Ud closed), and 1803 (very hot Ud closed), if flie Ud is closed. As the sj^ton 
goes into the states of high temperatures, the working states of the components of 
the S3ratem may be adjusted to cool down the system. For example, when in state 
1815 (1825, 1813, 1823, 1811 or 1821), the cooling of the CPU may be adjusted 
to a higher level (e.g., 50%) to trade performance for cooling. For example, the 
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CPU may be forced into a slow dynamic speed. Further, -wdben in a very hot state 
(1803), the woridng state of the CPU may be adjusted to provide maximum 
cooling (e.g., 100%). Similarly, when in state 1813 (or 1823), the cooling of the 
GPU may be adjusted to ahighear level (e.g., 50%) to trade performance for 
cooling; and, when in state 1811 (1821, or 1803), the working state of the GPU 
maybe adjusted to provide maximum cooling (e.g., 100%). To provide cooling 
from the graphics system, DVD (or other optical drive) speed may be reduced. 
When the temperature exceeds the safety threshold (e.g., T > Tsafety), the system 
moves into a too hot state (1801), in which state PMU initiates a request for 
forced sleep. If the system remains in the too hot state (e.g., for 4 minutes) 
without going to a sleep mode, PMU triggers a forced shutdown. Without 
changing the temperature range, the system may transit between a lid closed state 
(e.g., 1821 - 1827) and a corresponding lid open state (e.g., 1811-1817) when 
the lid is opened or closed. When the system cools down, working states of the 
components (e.g., CPU, GPU, DVD) can be adjusted for higher performance. In 
Figure 18, different thresholds are used for defining the transition between two 
states due to the change in temperature. For example, when T > T*m-apm, the 
system moves from state 1817 (ncmnal) to state 181S (warm); and, the system 
moves back to state 1817 (normal) from state 1815 (warm) only when T < Tu- 
open- Tiiysterfsis. The difEference in tiie threshold, ThyrtoiM,, allows the system to be at 
one state when the temperature fluctuates only slightly near one threshold, 
avoiding unnecessary actions in adjusting working states. 
[00182] Although one embodiment of the present invention uses the state 
diagram illustrated in Ugare 18 and qperaticais for cooling adjustment for 
various states described above with Fignre 18, it is understood that various 
different states of a state diagram can be defined and used for the operation of a 
compute- system. Further, different transition paths and different adjustments of 
working states to more or less components (e.g., fim, memory chips, 
microprocessors, griq)hics chips, hard drives, optical drives, bridge cMps, and 
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othCTs) for cooling and perfonnances can be defined for different state diagrams 
for operating a data processing system. For example, in one implementation, 
when T exceeds To, cooling fen is activated (e.g., 33% duty cycle for ADMlOSx); 
when T :^ Ti, CPU can run at full speed; when T exceeds T2, cooling fan runs at 
M q>eed; when T exceeds T3, CPU is forced into reduced speed mode; when T 
exceeds T4, the system is forced to sleep, or to shutdown if not responding to the 
request to sleep. 

[00183] In Figure 16, after operation 1601 collects sensed information (e.g., 
CPU load and processor temperatures) from a plurality of sensors of a data 
processing system, operation 1603 determines an amount of cooling change based 
on the sensed information. For example, fuzzy logic principles and inference 
rules can be used to determine the amount of cooling changes based on the sensed 
information. Operation 1605 determines a prioritized Ust of controls to balance 
different goals (e.g., performance, power consumption, thermal constraint, 
acoustic noise, user preference, system constraint). For example, an expert system 
can be used to prioritize the list according to a number of system rules and user 
preferences. Operation 1607 selectively adjusts a subset of the prioritized Kst of 
controls to effect the amount of cooling change. The amount of cooling change 
can be parceled out to one or more controls according to the priorities of the 
controls. 

[00184] Figure 17 illustrates a method to parcel out cooling changes to a 
number of controls according to one embodiment of the present invention. 
[00185] If operation 1701 determines to increase cooling, operation 171 1 first 
increases the speed of the cooling fan (e.g., up to the tnayinnTTn fen speed when 
necessary). If operation 1713 determines that more cooling is required, operation 
1715 decreases the CPU clock fiiequency within the aUowable fi^uency range; 
and, opaation 1717 decreases the CPU core voltage within the allowable 
frequency range. This adjustment to the CPU reduces the heat generation at the 
expense of computation porfimnance. Thus, the thermal constraint can be 
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maintained while running tiie sj^tem at higji computation performance. 
[00186] If operation 1703 determines to decrease cooling, operation 1721 
increases flie CPU core voltage vnfbia the allowable voltage range; and, operation 
1723 increases the CPU clock firequency witian the allowable frequency range. 
This adjustment to the CPU increases the computation performance of the CPU 
and heat generation, which corresponds to decrease cooling. If the CPU is at the 
maximum performance state and operation 1725 determines less cooling is 
allowable, operation 1727 decreases the speed of the cooling fan to reduce noise 
and power consumption. 

[00187] If operation 1731 determines that the CPU and the fan can trade 
cooling, operation 1733 increases the CPU core voltage; operation 1735 increases 
the CPU clock frequency; and, operation 1737 increases the speed of the cooling 
fan. Thus, the CPU is allowed to run at high performance, generating more heat, 
which is removed by increased cooling from the fan. 

[00188] Thus, in Figure 17, cooling efforts are parceled out between the CPU 
and the cooling fan to have a high performance within a thetmal constraint Ih 
general, the cooling efforts can be parceled out (e.g., by a Control Decider) 
among a list of controls according to priorities (e.g., as determined by a Priority 
Decider), which reflect the balancing of different goslsf, sudi as performance, 
power consunqjtion, thermal constraint, acoustic noise, user preference, system 
c(mstraint). 

[00189] In the foregoing specification, the invention has been described with 
reference to specific exemplaiy embodimente UiaBof. It will be evidait that 
various modifications may be made thereto wifliont dq>arting from the broader 
' spirit and scope of the invention as set forth in the following claims. The 
specification and drawings ate, accordingly, to be regarded in an illustrative sense 
rather than a restrictive sense. 
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CLAIMS 

Whatisclaiinedis: 

1 . A method to operate a data pioces^g system, the method 
comprismg: 

deteimiiuiig a contiol level fixr a first component of the data pFocessing 
system based on information obtained fiom a plurality of sensors, 
at least one of the sensors detetmining a temperature in the data 
processing system; and 

automaticaUy adjusting control of the first component according to the 
control level to move Hie first component fi-om a first working 
state to a second working state. 

2. A method as in claim 1, wherein the first component comprises a 
cooling fan of the data processdng sysaem; and, the cooling fan 
runs at a first speed in the first working state and a second speed in 
the second working state. 

3 . A method as in claim 2, wherein a duty cycle of the cooling fan is 
adjusted to run the cooling fen firom the first speed to the second 
speed. 

4. A method as in claim 1, wherein the first component comprises a 
processor. 

5. A mdhod as in claim 4, wherein the first working state comprises 
a first clock frequency and a first core voltage for the processor; 
and, the second working state conipris^ a second clock fiiequency 
and a second core voltage fisr the processor. 

6. A method as in claim 4, whaein the processor comprises a 
Grq)hics Processing Unit (GPU); the first woridng state comprises 
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a first swap interval; and, the second working state comprises a 
second swap interval. 

7. A method as in claim i, further comprising: 
automaticaUy adjusting control of a second component based on the 

information obtained from the plurality of sensors to move the 
second component from a third working state to a fourth working 
state. 

8. A method as in claim 7, wherein the first componait is a heat 
source of the data processing system and the second component is 
a cooling source of the data processing system. 

9. A method as in claim 1, wherein the control level is determined 
further based on one or more user preferences. 

10. A method as in claim 1, wherein one of the sensors comprises a 
software module determiniag a processor load of the data 
processing system. 

11. A method to operate a data processing system, the method 
comprising: 

detamining a subset of controls firan a plurality of controls of a pluraKty 
of components of flie data processmg system based on mfbrmalion 
obtained &am a plurality of sensors, each of the plurality of 
sensors determining an aspect of a working condition of the data 
processmg system; and 

adjusting the subset of controls to change working states of corresponding 
components of the data processing system to balance requirements 
m performance and m at least one of: thermal constraint and power 
consumption. 

12. A me&od as in claim 1 1, wherein the pluraHty of sensors comprise 

at least one ofi 
a) a temperature senscnr; 
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b) a tachometer; and 

c) a software modde determining a load of a processor. 

13. A metliod as in claim 1 1, wherein the plurality of componeaits 
comprise heat sources of the data processing system and cooling 
sources of the data processing system. 

14. A method as in claim 13, wherein the heat sources comprises at 
least one of: 

a) a Central Processing Unit (CPU); 

b) a Graphics Processmg Unit (GPU); 

c) a hard drive; 

d) an optical drive; and 

e) an hvtegrated Circuit (IC) chip. 

15. A method as in claim 1 1 , fbrflier comprising: 
determining an amount of cooling change based on the information 

obtained from the plurahty of sensors; 
wherein the subset of controls are adjusted to e£fect the amount of cooling 
change. 

16. A method as in claim 1S» wherein the amount of cooling change is 
detennined according to a fiizzy logic. 

17. A me&od as in claim 16, wherein said detennming the subset of 
controls coniprises: 

determining a prioritized list of the plurality of controls. 

18. A method as in elaim 17, wherein the prioritized list is detennined 
at least partially based on one or more us» preferences. 

19. A method as in claim 17, further comprising: 

parceling out the amount of cooling change to the subset of controls. 

20. A method as in claim 1 1, flirther corqnising: 
determining a first state of the date processing system from the 

information obtained from the plurality of sensors; 
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vfberean the subset of craitrols is detamined fiom a decision to move the 
data procwising system jBxim the first state to a second state. 

21. A method to operate a cooling fitn of a data processing system, the 
method comprising: 

adjusting the cooling fan fiom running at a first speed to running at a 
second speed in response to a temperature sensor measurement 
and a user praference. 

22. A method as in claim 21, fiirther comprising: 
verifying Ihat Ihe cooling fen is running at the second speed. 

23. A method as in claim 22, wherein tachometer information 
obtained from a fan controller for the cooling fan is used to verify 
that the cooling fan is running at the second speed. 

24. A method as in claim 23, wherein a duty cycle of the cooling fan is 
adjusted to run the cooling fan from the first speed to the second 
speed. 

25. A method as in claim 21, fiirthCT comprising: 
determining one or more temperature measurements; and 
determining the second speed for the cooling fan based at least partially 

on the one or more temperature measurements. 

26. A method as in claim 25, whorein flie one or more temperature 
measuremente are obtained fix)m one or more temperature sensors 
instrumented in the data processing system. 

27. A method as in claim 26jWherem the one or more temperature 
measurements indicate temperatures of at least one of: 

a) a mi(sroprocessor of the data processing system; 

b) a graphics chip of the data processing system; and 

c) a memory chip of the data processing system. 
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28. A method as in claim 27, wherein ihe microprocessor of the data 
processing system determines Ihe second speed. 

29. A method as in claim 25, wherein the second speed is determined 
further based on a user preference stored in a machine readable 
medium of the data processing system. 

30. A method as in claim 25, wherein the second speed is determined 
further based on a coiiq)utation load level on the data processing 
system. 

31. A method to operate a processor of a data processing system, the 
method comprising: 

diifling a power supply of the processor &om a first voltage to a second 
voltage without resetting the processor. 

32. A method as in claim 3 1 , further comprising: 

slewing a fiequaicy of a clock of the dataprocessiDg system to transit a 
clock of the processor finm a first fiequency to a second 
frequraicy. 

33. A method as in claim 32, wherein flie processor continues to 
execute instructions while the fiequeni^ of the clodc is slewed. 

34. A method as in claim 33, wherein the processor continues to 
execute instructi(ms while the power supply is shifted fcom the 
first voltage to the second voltage. 

35. A method as in claim 32, whoiein the power siq>ply is maintahied 
at one of the first and second voltages while the fiiequency of the 
clock is slewed; and, the clock of tbe processor is maintained at 
one of the first and second frequencies while the power supply is 
shifted &om the first voltage to the second voltage. 

36. A method as in claim 32, wherein the first fiequency is higjier than 
the second frequenc^^ the first voltage is higher than the second 
voltage; and. the power siq)ply is shifted fiwm the first volta^ to 
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the second voltage after the clock of the processor transits fiom the 
first frequency to the second frequency. 

37. A method as in claim 32, wherem the first frequency is lower fhsm 
the second frequency; the first voltage is lower than the second 
voltage; and, the power supply is shifted from the first voltage to 
the second voltage before the clock of the processor transits from 
the first frequency to the second frequency. 

38. A method as in claim 32, wherein said slewing a frequency of a 
clock comprises: 

instructing a clock chip to use a new frequency multiplier. 

39. A method as in claim 31, fiirther comprising: 

adjusting a frequency multiplier of the processor to switch a clock of the 
processor from a first frequency to a second fijequency. 

40. A method as in claim 39, wherein the processor is not reset during 
switching from the first frequency to the second fiiequency. 

41. A data procesdng system, comprismg: 
a housing; 

a plurality of components mounted witiiin the housing, the plurality of 
components including: 
amcmorj^and 

a processor coupled to the memot}^ and 
a plxixality of sensors instrumented within tiiie housing, at least one of the 
sensors detennimng a temperature in the data processing system, 
the processor determining a control level for a first conaponeat of 
the plurality of conrponents based on information obtained fi^om 
the plurality of sensors, the processor causing the first component 
be a^'usted according to the control level to move the first 
con^onent from a first working state to a second working state. 
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42. A data piocegsing system as in claim 41, wherdn the first 
conqjonent conprises a cooling fen of the data processing system; 
and, the cooling fen runs at a first speed in the first working state 
and a second speed in flie second working state. 

43. A data procKsing system as io claim 42, wherein a duty cycle of 
the cooling fan is adjusted to run the cooling fan from the first 
speed to the second speed. 

44. A data processing system as in claim 41 , wherein the first 
component comprises the processor. 

45. A data processing system as in claim 44, wherein the first working 
state comprises a first clock frequency and a first core voltage for 
the processor; and, the second working state comprises a second 
clock frequency and a second core voltage for the procesMt. 

46. A data processmg system as in claim 44, wherein the processor 
comprises a Graphics Processing Unit (GPU); the first workmg 
state comprises a first sw^ interval; and, the second working state 
comprises a second swap interval. 

47. A data processing system as in claim 41, wherein the processor 
fiuther cause a second component of the plurality of components 
he adjusted based on the information obtained &om flie phirality of 
sraisors to move the second component &om a third working state 
to a fourtti working state. 

48. A data processing system as in claim 47, wherein the first 
coniponent is a heat source of the data processing system and the 
second conq)onettt is a cooling source of the data processing 
system. 

49. A d^ processing system as in claim 41, fiirther con^rising: 
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one or more input/output (I/O) device coupled to the processor, the one 
or more input/output (I/O) devices receive one or more user 
preferences; 

wherein the control level is detennined further based on one or more user 
preferences. 

50. A data processing system as in claim 41, wherein the processor 
determines a processor load of the data processing system; and, the 
control level is detennined further based on the processor load. 

51. AdatapFocrasingG7Stem,compiising: 
a housing; 

a plurality of components mounted within the housing, the plurality of 
components including: 
a memory; and 

a processor coupled to the memoi^^ and 
a plurality of sensors instrumented within the hou^oig, each of the 

plurality of sensors detemmung an aspect of a woridng condition 
of the data jntocessing system, the processor determining a subset 
of controls from a phirality of conlxols of the plurality of 
compcments based on information obtained fiom the plurality of 
sensors, the processor adjusting the subset of controls to change 
working states of corresponding components of the data 
processing system to balance requiromente in perfonnance and in 
at least one of: thermal constraint and power consumption. 

52. A data processing system as in claim 51, wherein Hie plurality of 
sensors comprise at least one of: 

a) a temperature sensor, and 

b) a tachometer. 
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53 . A data processing system as in claim 5 1 , wherein the plmraKty of 
components comprise heat soxirces of IJie data processing system 
and cooling sources of flie data processing system. 

54. A data processing system as in claim 53, wherein the heat sources 
comprises at least one of: 

a) a Graphics Processing Unit (GPU); 

b) a hard drive; 

c) an optical drive; and 

d) an Integrated Circuit (IC) chip. 

55. A data processing system as in claim 51, wherein the processor 
determines an amount of cooling change based on the information 
obtained from the plurality of sensors; and, the subset of controls 
are adjusted to effect the amount of cooUng change. 

56. A data processing system as in claim 55 , wherein the amount of 
cooling change is determined according to a fuzzy logic. 

57. A data processing system as in claim 56, wherein the processor 
detennines a prioritized list of the plurality of controls in 
determining the subset of controls 

58. A data processing system as in claim 57, fiirtha:conrprising: 
one or more input/output (I/O) devices coi^led to the processor, the one 

or more input/output (I/O) devices receive one or more user 
piefer^ces; 

wherein the prioritized list is determioed at least partially based on the one 
or more user preferences. 

59. A data processing system as in claim 57, wherein the processor 
fiirther parcels out the amount of cooling change to the subset of 
controls. 

60. A data processing system as in claim 5 1 , wherem the processor 
determines a first state of the data processing system &om the 
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mfonnation obtained fiom the plurality of seaisors; and, the subset 
of controls is determined ftom a decision to move the data 
procesang system fifom the first state to a second state. 

61. AdatapiocessiDgsyst^conq)tising: 
a housing; 

a cooling fen coupled with the housing; 

a processor mounted within the housing, the processor causing the cooling 
fen fiom running at a first speed to running at a second speed in 
response to a temperature sensor measurement and a user 
preference. 

62. A data processing system as in claim 6 1 , further comprismg: 

a tachometer coupled with the cooling fan and coupled to the processor, 

the processor communicating with the tachometer to verify that the 
cooling fan is running at the second q)eed. 

63 . A data processing system as in claim 62, fiffther comprising: 

a fan controller coupled to the cooling fan and the processor, the the fan 
controller comprising the tachometer. 

64. A data processing sj^tem as in claim 63, wherein a duly cycle of 
the cooling fan is adjusted to run Ihe cooling fan &om the fiist 
speed to fiie second speed. 

65. A data processing system as in claim 61, further compriang: 
one or more temperature sensors instrumented within the house, the one 

or nunc tempegrature sensors detennimng one or more temperature 
measurements, the processor determining the second speed for the 
cooling fen based at least partially on the one or more temperature 
measurements. 

66. A data processing ^tem as in claim 65, further comprising: 
a graphics chip coiq>led to the processor and 

a mamory chip coupled to the processor. 
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67. A data processing system as in claim 66, wherein the one or more 
temperature measurements indicate temperatures of at least one of: 

a) the processor; 

b) the graphics chip; and 

c) the memory chip. 

68. A data processing system as in claim 65, fiirther comprising: 
one or more input/output (I/O) devices cotq>led to the processor; 
memory coupled to the processor; 

wherein the one or more VO devices receive a user preference and the 
processor stores the user preference on the memory. 

69. A data processing system as in claim 68, whereia the second speeA 
is (tetermined further based on the user preference. 

70. A data processing system as in claim 65, wherein the processor 
detennines a computation load level on the data processing 
system; and, the second speed is determined fur&er based on the 
computation load level. 

71. A data processing system, comprising: 
a processor^ and 

a power supply coi^qpled to the processor to energize the processor with a 
first voltage, the processor causing the power supply to adjust the 
first voltage to a second voltage without resetting the processor. 

72. A data processing system as in claim 71, fiuther comprising: 

a clock source coiipled to the processor, the processor deriving a clock of 
the processor from the clock source, the processor causing the 
clock source to slew a fiequency of the clock source to transit the 
clock of the processor fiom a first firequency to a second 
fi:equency. 
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73. A data processing system as in claim 72, wherein the processor 
continues to execute instructions while tiie j&equency of the clock 
source is slewed. 

74. A data processing system as in claim 73, wherein the processor 
continues to execute instructions while the power supply is shifted 
&om the first voltage to the second voltage. 

75. A data processing system as in claim 72, wherein the power 
supply is maintained at one of the first and second voltages while 
the frequency of the clock source is slewed; and, the clock of the 
processor is maintained at one of the first and second frequencies 
while the power supply is shijfted &om the first voltage to the 
second voltage. 

76. A data processmg system as in claim 72, wherein the first 
firequency is higher than the second firequency; the first voltage is 
higher than the second voltage; and, the power supply is shifted 
firom the first voltage to the second voltage after the clock of the 
processor transits fi-om the first fiequency to the second firequency. 

77. A data processing system as in claim 72, wherein the first 
fi-equency is lower than the second firequency; the first voltage is 
lower than the second voltage; and, the power s\q>ply is shifted 
&om the first voltage to the second voltage befiire the clock of the 
processor transits &om. the first frequency to the second firequency. 

78. A data processing system as in claim 72, wherein the processor 
instructs the clock source to use a new firequency multipliear to 
slew the firequency of the clock sounce. 

79. A data proceramg system as ia claim 71, wherein the processor 
adjusts a firequency multiplier of the processor to switch a clock of 
the processor &om a first firequency to a second firequency. 
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80. A data processing system as in claim 79, wherein the processor is 
not reset during switching j&om the first frequency to the second 
fi^uency. 

81. A machine readable medium containing executable computer 
program instructions which when executed by a data processing 
system cause said system to perform a method to operate the data 
processing system, the method comprising: 

determining a control level for a first component of the data processmg 
system based on information obtained firom a plurahty of sensors, 
at least one of the sensors determining a temperature in the data 
processing system; and 

automatically adjusting control of the firat component according to the 
control level to move the first component firom a first working 
state to a second working state, 

82. A medium as in claim 81, wherein the first component comprises a 
cooling fan of the data processing system; and, the cooling fim 
runs at a first speed in the first working state and a second speed in 
the second working state. 

83. A medium as in claim 82, wherein a duty cycle of the cooling fen 
is adjiKted to nm the cooling fen fixim the first speed to the second 
speed. 

84. A medium as in claim 81, wherein the first component comprises a 
processor. 

85. A medium as in claim 84, wherein the first working state 
comprises a first clock fiiequency and a first core voltage for the 
processor; and, the second working state comprises a second clock 
firequency and a second core voltage for the processor. 

86. A medium as in claim 84, whaein the processor comprises a 
Graphics Processing IMt (GPU); the first working state comprises 
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a first swap interval; and, the second WQ±ing state con^rises a 
second swap intervaL 

87. A medium as in claim 81, wherein the method further comprises: 
automaticaUy adjusting control of a second component based on the 

information obtained from the plurahty of sensors to move the 
second component from a third working state to a fourth working 
state. 

88. A medium as in claim 87, wherein the first component is a heat 
source of the data processing system and the second component is 
a cooling source of the data processing sj^tem. 

89. A medium as in claim 81, wherein the control level is determined 
further based on one or more user preferences. 

90. A medium as in claim 81, wherein one of the sensors comprises a 
software module determining a processor load of the data 
processing system. 

91 . A machine readable medium containing executable confer 
program instructions ^ch when Executed by a data processing 
system cause said system to perfonn a method to operate the data 
processing system, the method canqmsing: 

determining a subset of controls from a pluraUty of controls of a pluraKty 
of components of the data processing system based on injfoimation 
obtained from a plurality of sensors, each of the plurality of 
sensors determining an aspect of a working condition of the data 
processing system; and 

adjusting the subset of controls to change working states of corresponding 
components of the data processing system to balance requirements 
in performance and in at least one of: thermal constraint and power 
consumptioiL 
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92. A medium as in claim 91, wherein the plxiiality of sensors 
coonptise at least ods of: 

a) a temperature sensor; 

b) a tachomet^ and 

c) a software module determining a load of a processor. 

93 . A medium as in claim 91, wherein the plurality of components 
comprise heat sources of the data processing system and cooling 
sources of the data processing system. 

94. A medium as in claim 93, wherem the heat sources comprises at 
least one of: 

a) a Central Processing Unit (CPU); 

b) a Graphics Processing Unit (GPU); 

c) a hard drive; 

d) an optical drive; and 

e) an Integrated Circuit (IC) chip. 

95. A medium as in claim 91, wherein the method further contprises: 
determining an amount of coolmg change based on the infimnation 

obtained fiwn the plmalily of sensors; 
wherein the subset of controls are adjusted to e£fect Ihe amount of cooling 
change. 

96. A medium as in claim 93, wherein the amount of cooling change is 
determined according to a fuzzy logic. 

97. A medium as in claim 96, wherdn said determining the subset of 
controls comprises: 

determining aprioritized list of the plurahty of controls. 

98. A medium as in claim 97, wherein the prioritized list is determmed 
at least partiaUy based on one or more user preferences. 

99. A medium as in claim 97, wherein the method further cotnprises: 
parceling out the amount of cooling change to the subset of controls. 
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100. A medium as in claim 91, wherein the method further comprises: 
determining a first state of the data processing system from tibe 

information obtained from the plurality of sensors; 
wherein the subset of controls is determined fixMn a decision to move the 
data processing system from the first state to a second state. 

1 01 . A machine readable medium containing executable computer 
program instructions which when executed by a data processing 
system cause said system to perform a method to operate a cooling 
fan of the data procrasing system, the method comprising: 

adjusting the coolmg fan firom running at a first speed to running at a 
second speed in response to a temperature sensor measuiemeat 
and a user preference. 

102. A medium as in clahn 101, wherein the method further comprises: 
verifying that the cooling fan is running at the second speed. 

103. A medixmi as in claim 102, wherein tachometer information 
obtained fi'om a fan controller for the cooling fan is used to verify 
that the cooling fan is nmning at the second speed. 

104. A medium as in claim 103, wherein a duty cycle ofthe cooling fen 
is adjusted to run the cooling fen &om the first speed to the second 
speed. 

105. A medium as in claim 101, wherein the mefliod fiirther comprises: 
determining one or more temperature measurements^ and 
deteirmining the seccmd sp^ fi>r the cooling fen based at least partially 

on the one or more temperature measurements. 

106. A medium as in claim 105, wherein the one or more tenrperature 
measurements are obtained fiom one or more temperature sensors 
instrumented in the data processing sj^tem. 

107. A medium as in claim 106, wherein the one or more temperature 
■ measuremmts indicate temperatures of at least one of: 
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a) a micsroprocessor of the data processing system; 

b) a gK^hics chip of the data processing system; and 

c) a memory diip of the data processing system. 

108. A medium as in claim 107, whraein ihe microprocessor of the data 
processing system determines the second speed. 

109. A medium as in claim 105, wherein the second speed is 
determined further based on a user preference stored in a machine 
readable medium of the data processing system. 

1 10. A medium as in claim 105, wherein the second speed is 
determined further based on a computation load level on the data 
processing system. 

111. A machine readable medium containing executable computer 
program instractioDS which when executed by a data processing 
system cause said system to perform a method to operate a 
processor of the data processing system, the method comprising: 

shifting a power supply of the processor fix)m a first voltage to a second 
voltage i!(ifhout resetting the processor. 

112. A medium as in claim 111, wherein the method fuifherconqmses: 
slewing a frequency of a clock of the data processing syste^ to transit a 

clock of the processor fiom a first fi:equency to a second 
frequency. 

113. A medium as in claim 1 12, wherein the processor continues to 
execute instructions while the frequency of the clock is slewed. 

1 14. A medium as in clahn 113, M^erein the processor continues to 
execute instructions while the power supply is shifted fix>m the 
first voltage to the second voltage. 

lis. A medium as in claun 1 12, wherein the power supply is 
maintained at one of the first and second voltage while the 
frequency of the clock is slewed; and, the clock of the processor is 
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mamtained at one of the fist and second fiequencies wMle the 
power siqjply is shifted ftom the first voltage to the second 
voltage. 

1 16. A mediiun as in claim 1 12, wherein the first fi-equency is higher 
than the second fijequencj^ the first voltage is higher than the 
second voltage; and, the power supply is shifted firom the first 
voltage to the second voltage after the clock of the processor 
transits firom the first firequency to the second frequency. 

117. A medium as in claim 112, wherein the first frequency is lower 
than the second frequency, the Gist voltage is lower than the 
second voltage; and, the power supply is shifted fix)m the first 
voltage to the second voltage before the clock of the processor 
transits &om the first frequency to the second frequency. 

118. A medium as in claim 112, wherein said slewing a frequency of a 
clock comprises: 

instructing a clock chip to use a new frequency multiplieir. 

119. A medium as in claim 111, wherein the method finther coEqprises: 
adjusting a frequency multiplier of the processor to switch a clock of Hie 

procossor fix>m a first fiiequency to a second frequency. 

120. A medium as in claim 119, whecdn the processor is not reset 
during switching fixnn the first firequency to the second fiiequency. 

121. A data processing system, comprising: 

means for detenmning a control level for a first coinponent of the data 
processing system based cm information obtained ftom a plurality 
of sensors, at least one of the sensors determining a temperature in 
the data processing system; and 

means for automatically adjusting control of the first component 

according to the control level to move the first component fix>m a 
first working state to a second working state. 
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122. A data processing system as in claim 121, wherein the first 
component comprises a cooling fen of the data processing system; 
and, the cooling fen runs at a first speed in the first working state 
and a second speed in the second working state. 

123. A data processing system as in claim 122, wherein a duty cycle of 
the cooling fan is adjusted to run the cooling fan firom the first 
speed to the second speed. 

124. A data processing system as in claim 121, wherein the first 
component comprises a processor, 

125. A data processing system as in claim 124, wherein Ihe first 
working state comprises a first clock fi-equency and a first core 
voltage for the processor; and, the second working state comprises 
a second clock fi^quency and a second core voltage for the 
processor. 

126. A data processing system as in claim 124, wherein the processor 
comprises a Graphics Processing Unit (GPU); the first woridng 
state comprises a first swap interval; and, the second woiking state 
comprises a second swap interval. 

127. A data processing ^^stem as in claim 121, further comprising: 
means for automatically adjusting control of a second component based 

on the in&xmation obtained fix>m the plurality of sensors to move 
the second component &am a third working state to a fourth 
working state. 

128. A data processing system as in claim 127, wheran the first 
component is a heat source of the data processing system and the 
second component is a cooling source of the data processing 
system. 

129. A data processing ^em as in claim 121, wherein the control 
level is determined fiirther based on one or more user preferences. 
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130. A data processing system as in claim 121, wherein one of the 
sensors comprises a software module determining a processor load 
of the data processing system. 

131. A data processing system, comprising: 

means for determining a subset of controls from a ptoality of controls of 
a plurality of components of the data processing system based on 
information obtained from a plurality of sensors, each of the 
pluraUty of sensors determining an aspect of a working condition 
of the data processing system; and 

means for adjusting the subset of controls 1b change working states of 
corresponding components of the data processing system to 
balance requirements in praformance and in at least one of: 
thermal constraint and power consumption. 

132. A data processing system as in claim 131, wherein the plurality of 
sensors comprise at least one of: 

a) a temperature sensor; 

b) a tachometer; and 

c) a software module determining a load of a processor. 

133. A data processing system as in claim 131, wherein the plurality of 
cdn:q)onents comprise heat sources of the data processing system 
and cooling sources of the data processing system. 

134. A data processing system as in claim 133, wherein the heat 
sources coniprises at least one of: 

a) a Central Processing Unit (CPU); 

b) a Graphics Processing Unit (GPU); 

c) a hard drive; 

d) an optical drive; and 

e) an hxtegrated Circuit (IC) chip. 

135. A data processing S3^em as in claim 131, ftirth^ comprising: 



-68- 



wo 2005/017468 



PCT/US2004/026444 



meam for determining an amount of cooling change based on the 
infonnatian obtained fixnn the plurality of sensors; 

wherein the subset of controls are adjusted to effect the amount of cooling 
change. 

136. A data processing system as in claim 135, wherein the amount of 
cooling change is determined according to a fii2zy logic. 

137. A data processing system as in claim 136, wherein said means for 
determining the subset of controls comprises: 

means for determining a prioritized list of the plurality of controls. 

138. A data processing system as in claim 137, wherein the prioritized 
Ust is determined at least partially based on one or more user 
preferences. 

139. A data pirocessing system as m claim 137, further comprising; 
means for parceUng out the amount of cooling change to the subset of 

controls. 

140. A data processing system as in claim 131, further comprising: 
means for determining a first state of the data processing system ftom the 

information obtained from the plurahty of sensors; 
whCTein the subset of controls is detemiined fixtm a decision to move the 
data processing system from the first state to a second state. 

141 . A data processing system, conrpiisiog: 
a cooling fan; and 

means for adjusting the cooling &n fixmi runniag at a first speed to 
running at a second speed in lesponse to a temperature sensor 
measurement and a user preference. 

142. A data processmg system as in claim 141, further comprising: 
means for veri^ng that the coolmg fen is running at the second speed. 
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143. A data processing system as in claim 142, wherem tachometer 
infonnation obtained fiom a fen ccaitioller &r the cooling fen is 
used to verify that the cooling fen is running at the second speed. 

144. A data processing Systran as in claim 143, wherein a duty cycle of 
the cooling fen is adjusted to nm the cooling fen fixan the first 
speed to the second speed. 

145. A data processing system as in claim 141 , further comprising: 
means for determining one or more temperature measurements; and 
means for determining the second speed for the cooling fan based at least 

partially on the one or more temperature measurements. 

146. A data processing system as in claim 145, wherein the one or more 
temperature measurements are obtained from one or more 
temperature sensors instrumented in the data processing system. 

147. A data processing system as in claim 146, wherein the one or more 
temperature measurements indicate temperatures of at least one of: 

a) a microprocessor of the data processing system; 

b) a graphics chip of the data processing sj^tem; and 

c) a memory chip of the data processing system. 

148. A data processing system as in claim 147, wherein the 
microprocessor of the data processing system determines the 
second speed. 

149. A data processing system as in claim 145, wherein the second 
speed is deteamined further based on a user preferrace stored in a 
machine readable medium of the dab processing ^^stem. 

150. A data processing system as in claim 145, wherein the second 
speed is determined fiirther based on a confutation load level on 
the data processing system. 

151. A data processing system, comprising: 
a processor and 
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means for shifting a power supply of the processor fiom a first voltage to 
a second voltage without resettnig the processor. 

152. A data processing system as in claim 151, further comprising: 
means for slewing a frequency of a clock of the data processing system to 

transit a clock of the processor fiom a first fi^quency to a second 
fiiequency. 

153. A data processing system as in claim 1 52, wherein the processor 
continues to execute instructions while the frequency of the clock 
is slewed. 

1 54. A data processing system as in claim 153, wherein the processor 
continues to execute instructions while the power supply is shifted 
from the first voltage to the second voltage. 

155. A data processing sj^tem as in claim 152, wherein flie power 
supply is maintained at one of the first and second voltages while 
the firojuency of the clock is slewed; and, the clock of the 
processor is maintained at one of the first and second fi«quencies 
while the powa: supply is shifted 6om the first voltage to the 
second voltage. 

156. A data processing system as in claim 152, wherein the first 
fi^quency is higher than the second fiiequency, the first voltage is 
higher than tiie second voltage; and, ttie powec supply is shifted 
fix)m the first voltage to the second voltage after the clock of the 
processor transits firam the first fiiequency to the second fi:equency. 

157. A data processing system as in claim 152, wherdn the first 
frequency is lower fiian the second frequency; the first voltage is 
lower than the second voltage; and, the power supply is shifted 
firom the first voltage to the second voltage before the clock of the 
processor transits fix>m the first frequency to the second frequency. 
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158. A data processing system as in claim 152, wherein said means for 
slewing a frequency of a clock comprises: 

meaas for instructing a clock chip to use a new frequency multiplier. 

159. A data processing system as in claim 151, further comprising: 
means for adjusting a frequency multiplier of the processor to switch a 

clock of the processor from a first frequency to a second 
frequency. 

160. A data processing Systran as in claim 159, wherein the processor is 
not reset during switching from the fist frequency to the second 
frequency. 

161 . A data processing system, comprising: 
a housing; 

a plurality of components mounted within the housing, the plurality of 
campaamis including: 
a memory; 

a processor coupled to the mranoiy; and 
a power managemait unit coupled to the processoi; and 
apluralityof sensors instrumented within the housing, at least one of the 
sensors detemiimng a teoqMsrature in the data processing system, 
according to iostiactians stctred in the memory the processcn: 
managing working states of at least a portion of tiie plurality of 
conqjonents based on information obtained from at least a portion 
of the plurality of sensors, the power management unit causing the 
system a shutdown when a measurement of one of the phirality of 
sensors exceeds a threshold. 

162. A data procKsing system as in claim 161, wherein the power 
managem^ unit sends a signal to the processor when the 
mea^irement exceeds the tiireshold. 



-72- 



wo 2005/017468 



PCT/US2004/026444 



163. A data processing Systran as in claim 1 62, wherein tl^ processor 
instructs the system to shutdown in response to the signal fiom the 
power management unit 

1 64. A data processing system as in claim 1 62, wherein the power 
management unit determines whether or nor the processor is 
responsive to the signal. 

165. A data processing system as in claim 1 64, wherein the power 
management unit shuts oflFpower to at least a portion of the 
system in response to a detenninatian that the processor is not 
responsive to the signaL 

166. A data processing system as in claim 165, wherein the power 
management unit comprises a watchdog timer; the processor is not 
responsive to the signal if the watchdog timer expires after the 
signal is sent to the processor. 

1 67. A data processing system as in claim 161, wherein information 
about the shutdown is recorded in the memory. 

1 68. A data processing system as in claim 1 67, wherein the processor 
records the information about the ^utdown and instructs the 
system to shutdown in rraponse to a signal &om Uxe power 
managen:tent unit. 

169. A date processing system as in claim 167, wherein the power 
management unit records the infotmation about the shutdown. 

170. A method performed by a data processdng system, the method 
conrptising: 

automatically managing^ according to instructions stored ui a memory of 
the data processiag system, working states of a plurality of 
components of the data processing system based on information 
obtained fiom at least a portion of a plurality of sensors 
instrumented within a housing of the data processing system, at 
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least one of the sensois deteainiamg a tempeiature in tiie date 
processing system; and 
initiating a shutdown from a power management unit of the data 

processing system in response to a measurement of one of the 
plurality of sensors exceeding a threshold. 

171. A method as in claim 1 70, wherein the power management unit 
sends a signal to a processor of the data processing system when 
the measurement exceeds the threshold. 

172. A method as in claim 171, wherein the processor instructs the 
system to shutdown in response to the signal from tibe power 
management unit. 

173. A mefliod as in claim 171, wherein the powa: management unit 
determines whether ornor the processor is responsive to flie 
signal. 

174. A method as in claim 1 73, wherein the power management unit 
shuts off powo: to at least a portion of the system in response to a 
detsnninatiQn that the processor is not responsive to the signal. 

175. A method as in claim 174, wherein the power management unit 
comprises a watdidog timer; the processor is not respoosdve to the 
signal if the watchdog timer expires after the signal is sent to the 
processor. 

176. A method as tn claim 170, wherein information about the 
shutdown is recorded in the memory. 

177. A method as in claim 176, wherein a processor of the data 
processing syst^ records the infiirmation about the shutdown and 
instructs the system to shutdown in response to a signal from the 
power management unit. 

178. A method as in claim 176, wherein the power management unit 
records the information about the diutdown. 



..74_ 



wo 2005/017468 



PCT/US2004/026444 



179. A machine readable medium contaiiutig executable computer 
program iostractions which when executed by a data processing 
system cause said system to perform a method performed by a data 
processing system, the method comprising: 

automatically managing working states of a plurality of components of the 
data processing system based on information obtained from at 
least a portion of a plurality of sensors instrumented within a 
housing of the data processing system, at least one of the sensors 
determining a temperature in the data processing system; 

wherein a power management unit of theldata processing system initiates 
a shutdown in response to a measurement of one of the plurality of 
sensors exceeding a threshold. 

180. A medium as in claim 1 79, wherein the power management unit 
sends a signal to a processor of the data processing system when 
the measurement exceeds the threshold. 

181. A medium as in claim 1 SO, wherein the processor instructs the 
sjflstem to shutdown in response to tiie signal fix)m the power 
manag enrient umt. 

1 82. A me(£um as in claim 1 80, wherdn the power management unit 
determines whether or nor the processor is responsive to tbe 
signal. 

183. A medium as in claim 182, wherein the power noanagement unit 
shuts ofTpower to at least a portion of the system in tespcxose to a 
determination that the processor is not responsive to the sigttal. 

1 84. A medium as in claim 1 83, wherein fbs power management unit 
comprises a watchdog timer, &e processor is not responsive to the 
signal if the watchdog timer expires after the signal is sent to the 
processor. 
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1 85. A medium as in claim 179, whereiQ informatioii about the 
shutdown is lecorded in a memory of the data processing system. 

186. A medium as ia claim 185, wherein a processor of the data 
processing system records the information about the shutdovm and 
instructs the system to shutdown in response to a signal fnom the 
power management unit 

1 87. A medium as in claim 1 85, wherein the power management unit 
records the information about the shutdown. 

188. A data processing system, comprising: 

means for automatically managing working states of a plurality of 

components of the data processing system based on information 
obtained from at least a portion of a plurality of sensors 
instrumented within a housing of the data processing system, at 
least one of the sensors detemiining a tenq>ra:ature in the data 
processing system; and 

means for initiating a shutdown fiom a power managemaitTmit of the 

data processing syst^ in response to a measurement of one of the 
plurality of sensors exceeding a threshold. 

189. A data processing system as in claim 188, wherein the power 
management unit sends a signal to a processor of the data 
processing system when the measurement exceeds the threshold. 

190. A data processing system as in claim 189, wherein the processor 
instructs the system to shutdown in response to the signal from the 
power managpnoent unit. 

191. A data processing system as in claim 189, wherein the power 
management unit determines whether or nor the processor is 
responsive to the signal. 

1 92. A data processing system as in claim 191 , wherein Ihe power 
management unit shuts oflFpower to at least a portion of the 
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system in response to a detenniiiation that the processor is not 
responsive to the signal. 

193. A data processing system as in claim 192, wherein the power 
managranent unit conq>rises a watchdog timen the processor is not 
responsive to fba signal if the watchdog timer expires after the 
signal is to the processor. 

194. A data processing system as in claim 188, wherein information 
about the shutdown is recorded in flie memory of the data 
processing system. 

195. A data processing system as in claim 1 94, wherein a processor of 
the data processing system records the information about the 
shutdown and instructs the system to shutdown in response to a 
signal from the power management unit. 

196. A data processing system as in claim 194, wherein the power 
management unit records the infoixnation about the shutdown. 

1 97. A method to manage a data process system enclosed in an housing 
of the data processing system, the method comprising: 

individually monitoring a plurality of temperatures in a plurality of 

thermal zones respectively, the pluraUty of thermal zones being 
within the housing, the plurality of thermal zones not being 
isolated fiom each other, each of the plurality of thermal zones 
conq)rising at least one componmt tiiat generates heat to 
substantially influence one of tiie pluraUty of temperatures when 
performing operations in a corresponding one of the plur^ty of 
thermal zones, each of the plurality of thermal zones conqnisixig at 
least one component adjustable to reduce heat in a corresponding 
one of the plurality of thermal zones; and 

adjusting working states of components in the plurality of thermal zones 
separately according to tiie plurality of temperatures respectively 
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to liinif measurements of the plurality of temperatures to allowable 
levels. 

19S. The method of claim 197, wheceiii the at least one componeal 
adjustable to reduce heat comprises a cooling fan; and the at least 
one component that generates heat comprises an integrated Circuit 
(IC) chip. 

199. The method of claim 198, wherein the measurements of the 
plurality of temperatures are obtained from one or more thermd 
diodes integrated on the IC chip; and the IC chip ccHnprises one of: 

a microprocessor; 
a graphics chip; and 
a microcontroller. 

200. The method of claim 198, fbrflier comprising: 
determining a control setting for the cooling fan, the control setting 

causing the cooUng fan to run at a desired speed; 
wherein said adjusting comprises: 

adjusting control of the cooling fan to the control setting to cause the 

coohng im nmning at a cunent speed to run at the desired speed. 

201 . The method of claim 200, further comprising: 
verifying that the cooling &n is running at the desired speed. 

202. The method ofclaim 200, vt^erein said adjusting further 
comprises: 

slowly adjusting a clock source and a voltage source to cause the IC chip 
running at a cmrent clock fiequeaicy and a current core voltage to 
run at a desired clock frequency and a desired core voltage. 

203. A mediod to operate a data process system enclosed in an housing 
of the data processing system, the method comprising: 

receiving measurements from a plurality of temperature sensors 
instrumented in the data processing Systran; 
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adjusting workmg states of components of the data processing syst^ to 
limit the measurements to allowable levels; and 

in response to one of the measurements exceeding an allowable level: 
storing data indicating a cause of turning off the data processing 
system; and 

automatically turning off the data processing system to prevent 

damage to the data processing system. 
204. The method of claim 203, further comprising: 
determining whether or not a heatsink of the data processing system is 
fimotioning properly. 

205. The method of claim 204, wherein when the heatsink is 
misapplied, adjustii^ the working states cannot limit at least one 
of the measurements to an allowable level xa a typical operating 
environment. 

206. The method of claim 204, wherein the data indicates that a 
software proce^ for ac^usting working states of the components 
Med to respond. 

207. The method of claim 203, further comprising: 

informing a user of trading perfomiance for reduced heat when one or 
more componeaits are adjusted to a low performance working 
state;, 

208. The method of claim 207, wherein the low p^oimance woddng 
state comprises numiog a processor at a reduced frequency and a 
reduced core voltage. 

209. A data process system enclosed in an housing of the data 
processing system, the data processing system conijnising: 

memory to store instructions; 

a processor coupled to the memorj^ and 
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a pluraKty of tempecature sensors coupled to the processor, the plurality of 
temperature s^isors to mdividtially monitor a plurality of 
tempmtures in a plurality of thermal zones respectively, the 
plurality of &eimal zones being within the housing, the plurality 
of thermal zones not being isolated from each other, each of the 
plurality of thermal zones comprising at least one component that 
generates heat to substantially influence one of the plurality of 
temperatures when performing operations in a corresponding one 
of the plurality of thermal zones, each of the plurality of thermal 
zones comprising at least one component adjustable to reduce heat 
in a corresponding one of the plurality of thermal zones, the 
plurality of the temperature sensors to provide measures of the 
plurality of temperatures to the processor, according to the 
instructions the processor to adjust working states of components 
in the plurality of thermal zones separately according to the 
plurality of ten^eratures respectively to limit ineasurranents of the 
plurality of temperatures to allowable levels. 

210. The system of claim 209, wherein the at least one component 
adjustable to reduce heat coinprises a cooling fan; and the at least 
one componeat that generates heat comprises an Integrated Circuit 
(IQchip. 

211. The system ofclaim 210, wherein the measurements of liie 
plurality of temperatures are obtained fitnn one or more thermal 
diodes integrated on the IC chip; and the IC chip comprises one of: 

a microprocessor; 
a gr^hics chip; and 
a microcontroller. 

212- The system ofclaim 210, wherein the processor is furtha: 

configured to determine a control setting for the cooling fan, the 
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cantrol setting causing the cooling fan to run at a desired speed; 
and wherein to adjust the working states of the components, the 
processor is configured to adjust control of the cooliag fan to the 
control setting to cause the cooliag fen running at a current speed 
to run at the desired speed. 

213. The system of claim 212, further comprising: 

a ^hometer coupled to the cooling fan and to the processor, the 

processor retrieving measurements fi-om the tachometer to verify 
that the cooling fan is running at the desired speed. 

214. The system of claim 212, further comprising: 
a adjustable clock source coupled to the IC chip; 

a voltage source coupled to the IC chip; and 

yffh&cein to adjust the working states of the components, the processor is 
configured to slowly adjust the clock source and the voltage 
source to cause the IC chip running at a current clock firequency 
and a current core voltage to run at a desired clock firequency and a 
desired core voltage. 

215. A data process system enclosed in an houang of the data 
processing system, the data processing system conqirising: 

memory to store instructions; 

a processor coupled to the memoay, 

a plurality of temperature sensors instrumented in the data processing 
system and coiq}led to the processor, the inocessor to receive 
measuranents fiom the plurality of tranperature sensors, according 
to the instructions the processor to adjust working states of 
conq)oneat8 of the data processing system to limit the 
measuremetds to allowable levels; 

a power managanent unit coupled to the processor, in response to one of 
the measur^ents exceeding an allowable level: 
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the power management unit and the piocessor to store data 

indicating a cause of turning off the data processing system 
in the memory; 

the power management unit to automatically turn off the data 
processing system to prevent damage to the data 
processing system. 

216. The system of claim 215, wherein the processor is 
configured according to the instructions to detamine 
whetiier or not a heatsink of the data processing system is 
functioning properly. 

217. The system of claim 216, wherein when the heatsink is 
misapplied, adjusting the working states cannot limit at 
least one of the measurements to an allowable level in a 
typical opMating environment. 

218. The system of claim 216, wherein tiie data indicates that a 
software process for adjustmg working states of the 
components &iled to lespond. 

219. The system ofcUrim 215, wherein the processor is 
configured according to the instructions to inform a user of 
trading performance for reduced heat when one or more 
components are adjusted to a low performance working 
state. 

220. The system ofclaim 219, whetem the low performance 
worldng state comprises running a processor at a reduced 
fi«quency and a reduced core voltage. 

221. A madiine readable medium containing executable 
computer program instructions which when esicecuted by a 
data processing system cause said system Id perform a 
method to manage the data process sj^em enclosed in an 
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housing of the data ptocessmg system, the method 
eomprismg: 

individually motiitadiig a plurality of ten:q)eratures in a plurality of 

thermal zon^ respectively, the plurality of IJietmal zones being 
within the housing, the plurality of thermal zones not being 
isolated from each other, each of the plurality of thermal zones 
comprising at least one component that generates heat to 
substantially influence one of the plurality of temperatures when 
performing operations in a corresponding one of the plurality of 
thermal zones, each of the plurality of thermal zones comprising at 
least one component adjustable to reduce heat in a corresponding 
one of the plurality of thermal zones; and 

adjusting working states of components in the pluraUty of thermal zones 
separately according to the plurality of temperatures respectively 
to limit measurements of the plurality of ten:q>eratures to allowable 
levels. 

222. The medium of claim 221, wherein the at least one component 
adjustable to reduce heat comprises a cooling fim; and the at least 
one componeat that generates heat coinprises an Integrated Circuit 
(IC) chip. 

223. The medium of claim 222, whotdn the measurements of llie 
plurality of Iranpesratures ate obtained fiom one or more thomal 
diodes integrated on the IC chip; and Hhe IC chip comprises one of: 

amicropn)cessor; 
a gr^hics chip; and 
a microcontroller. 

224. The medium of claim 222, wherein the meCbod further comprises: 
determining a control setting for the cooling fan, the control setting 

causing the cooling £ui to run at a desired speed; 
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wherein said adjusting comprises: 

adjusting control of the cooling fan to the control setting to cause the 

cooling fan running at a ctiirent speed to run at the desired speed. 

225 . The medium of claim 224, wherein the meliiod fiirther comprises: 
verifying that the cooling fan is running at the desired speed. 

226. The medium of claim 224, wherein said adjusting fiirther 
comprises: 

slowly adjusting a clock source and a voltage source to cause the IC chip 
ruiming at a current clock fipequency and a current core voltage to 
run at a desired clock frequency and a desired core voltage. 

227. A machine readable medium containing executable computer 
program instructions which when executed by a data processing 
system cause said system to perform a method to operate the data 
process syst^ enclosed in an housing of the data processing 
system, the method comprising: 

receiving measurements frcnn a plurality of tempetature sensors 

instrumented in the data processing system; 
adjusting working states of components of the data processing system to 

limit the measurements to allowable levels; and 
in response to one of the measurements exceeding an allowable level: 

storing data indicating a cause of turning off the data processing 
system; and 

automatically turning o£f the data proc^mg system to prevent 

damage to the data processing system. 
228. The medium ofclaim 227, wherein the mefliodffarther 

comprise: 

determining whether or not a heatsink of the data processing system is 
functioning prpporly. 
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229. The medium of claim 228, wherein when the heateink is 
misEq^plied, adjusting the working states cannot limit at least one 
of the measurements to an allowable level in a typical operating 
oivironment. 

230. The mediimi of claim 228, wherein the data indicates that a 
software process for adjusting working states of the components 
failed to respond. 

231. The medium of claim 227, wherein the method further comprises: 
informing a user of trading performance for reduced heat when one or 

more components are adjusted to a low performance working 
state. 

232. The medium of claim 231, wherein the low performance working 
state comprises running a processor at a reduced frequency and a 
reduced core voltage. 

233. A data process system enclosed in an housing of the data 
processing system, the data processing system comprising: 

means &r individually monitoring a plurality of temperatures in a 

plurality of thomal zcmes respectively, the plurality of thermal 
zones being witibin the housing, the plurality of thermal zoties not 
being isolated from each ofbisc, each of the plurality of thermal 
zones comprising at least one component that gen^tes heat to 
substantially influence one of the plurality of tenqieratures when 
performing cperations in a corresponding one of the plurality of 
thermal zones, each of the plurality of thomal zones comprising at 
least one component adjustable to reduce h^t in a corre^onding 
one of the plurality of thermal zones; and 

means for adjustiog working states of conq>onents in the plurality of 

tbmnal zones s^arately according to the plurality of temperatures 
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rrapectively to limit measurements of tbe plurality of temperature 
to allowable levels. 

234. The system of claim 233, wherein the at least one eomponait 
adjustable to reduce heat comprises a cooling fan; and the at least 
one component fliat generates heat comprises an Integrated Circuit 
(IC) chip. 

235. The system of claim 234, wherein the measurements of the 
plurality of temperatures are obtained fiom one or more thennal 
diodes integrated on the IC chip; and the IC chip corcpises one of: 

a microprocessor; 
a graphics chip; and 
a microcontroller. 

236. The system of claim 234, fiirther comprising: 

means for determining a control setting for the cooling fan, the control 
setting causing the coohng fan to run at a desired speed; 

wherein said means for adjusting comprises: 

means for adjusting control of the cooling &n to the canttol setting to 
cause the cooling fm running at a current ^eed to run at the 
desired speed. 

237. The system of cUdm 236, fiirthfir comprising: 

means for verifying that the cooling &n is running at the desired ^eed. 

238. The system of claim 236, wherein said means for adjusting further 
canonises: 

means for slowly adjusting a clock source and a voltage source to cause 
the IC chip running at a current clock frequency and a current core 
voltage to run at a desired clock frequency and a desired core 
voltage, 

239. A data process system enclosed in an housing of liie data 
processing system, the data processing sjstem comprising: 
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means for receiving measurements from a plurality of temperature sensors 

instrumented in the data processing system; 
means for adjusting working states of components of the data processing 

system to limit the measnranents to allowable levels; and 
in response to one of the measurements exceeding an allowable level: 

means for storing data indicating a cause of turning off the data 
processing system; and 

means for automatically turning off the data processing system to 
prevent damage to the data processing system. 

240. The system of claim 239, further comprising: 
means for determining whether or not a heatsink of the data processing 

system is functioning properly. 

241 . The system of claim 240, wherein when the heatsink is 
naisapplied, said means for adjusting the working states cannot 
hmit at least one of the measurements to an allowable level in a 
typical operating environment. 

242. The system of claim 240, wherein the data indicates tiiat a 
software process for adjusting working states of the components 
Med to respond. 

243. The system of claim 239, further comprising: 

means for informing a user of trading performance for reduced heat when 
one or more components are adjusted to a low performance 
working state. 

244. The sj^tem of claim 243, wherein the low performance working 
state comprises running a processor at a reduced frequency and a 
reduced core voltage. 
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